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Bituminization of chemical sludge and evaporation concentrate.

Katsuo FUKUDA, Ichio NISHIZAWA, Kazuo KATSUYAMA

Akira MATSUMOTO® and Sadahiro SAKATA™ |

Division of Administration, Oarai Research Establishment, JAERI
(Received October 14, 1977)

A batchwise bituminization system has been installed in
1973 to treat chemicai sludge and evaporation concentrate.

Volume reduction efficiency of both the wastes and
characteristics of the system, and properties of the bitumen
blocks were studied in cold and hot runs.

volume reduction ratios obtained for the sludge (about 6 wt%
solid content) and the concentrate (about 10 wt% solid content)
were 1/11.4 and more than 1/2, respectively.

Radioactivity in the condensate was about 1/105 that in the

4 that in the concentrate.

sludge cake, and about 1/5x10
Radioactivity entrained in the off-gas was about 1/10
that in the sludge and about l/lO6 that in the concentrate.
As the ratio of sludge to bitumen, 40745 wt% was found to be

appropriate both in liquidity and dispersibility of the bitumen,

7 of

sludge mixture. _

The leaching rate of radioactivity from bitumen blocks in
distilled water for about a year was about 0.01 % for the bitumen
block with the sludge and about 0.1 % for the bitumen block with

the concentrate, sludge.

Keywords:

Bituminization, Chemical Sludge, Evaporation Concentrate,

Volume Reduction Ratio, Decontamination Factor, Incorpofation Ratio,
Leaching Rate, Bituminization Pilot Unit, Radioactivity,

Radioactive Wastes.

+; At present, Division of Health Physics, Tokai, JAERI.
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Table 3 Bituminization of chemical sludge

T — Run 1 2 3 4 5 6 7 8 9 10
é Type Straight asphalt 6080
Z2E
%5 Weight (kg) 850 | 856 (870 |865 |86.0 B30 798 |800 |800 [800
Component — 4357 14060 121L-79 |24-76 2476 | — 26474 1 26774
—lFe(OH)g/CaJ(POl, )g )
oH g42|8390| 880| 880 902) — | — |~ | — | —
L N
ac | Electric - . _
T | conductivity {(gyon) 556 (610|610 |610 (709 - — -
1 | Solid content (wt%) 344|363 | 362 530| 536 — — - — —_
Radioactive . 111 | 3D5 126 _[106
© /ml —3| *Y23| — | L N (I R
concentration j{pCism )xlo' }(IOC3 x10 |x10 3
E" Solid content (wt%) 509 [516 (449 |506 |428 420 |404 [389 |384 |392
is)
=~ 4 Radi i . 642 (443 _|296 [222_[20 1 1.8 200
= = adiocactive s 283 _[f11 . P g B 2,204 |185,1180, 0
w9 concentraticm"lf‘c’“:l g) %10 “lxi0 T|x10 Ix10 [x10 2xlO x10°lx107 (%10 x102
pH 758 | 748 | 766| — | 842 — | - [ — | — [ —
[}
ps Electric
] “ — — — — . [
he conductivity (g em) 388 | 393|460 518
— | Radioactive 131 372 233 223 g — _ _ _ _
I, concentration*l{gCi/ml) {10 °|x10 " |x10 - |x10
Water evaporation 116 | 858 904|109 (208 | — (153 179 (227 |260
g rate{ kg hr) :
‘2 | Mean temperature (T) o392 lo18(218 (207 [199 | — (213 |210 [201 {200
3]
w & | Temperature of —
E é heating medium (T) 274 | 270|264 (270 |284 268 (283 1267 |275
S 2 {Mixing time (hr) 475 65| 70 | 52 | 43 | — 675 6750 45 : 40
= pH osgtora| 952| — | 969]— | — | — | — | -
P -
Electric
= — . _ — - _
£ | conductivity (gyom) |1183[1563/1803 1048
2 ! Radioactive 333 815 _|912 5.0
o » N — - - — — _
O concentration™! (uCi/ml¥x10 ‘Ix10 xlo_8 xl(}‘-S
- | specific gravity 140l 1.44] 134| 145 148 143 154| 155 1500 142
o
3 | Total
g : .. : 156f 479| 331| 259 198 126/ 143| 142] 115 134
e | radioactivity’! mCi )
e | Incorporation ratio 6130 50-41] 63737 160405644 |59-41 | 5347 | 5149 | 5644 | 54746
{Bi tumen-Studge)
- {50m concrete al 25 |55 60 | 50§ 35 | 20| 25 | 25 | 20 15
o | lining) | g
8% ‘ b | 32 1115110 | 90 | 45 | 35| 40 | 35 | 30 | 25
(4]
— a
v c | 40 851105 80 | 50 | 30| 35 3.0 25 15
=3
<z d| 20 70| 60 | 60| 50 | 25 { 35 | 45 | 20 | 25
8'5 C .
el 50 |190]230 [220 (160 1135 {150 [165 75 | 160
Yo
& e ¢ 1 50 |105| 95 | 78] 55 | 30| 35 | 35 | 20| 15

Condition of freezing & thawing process. freezing time;25~30 hrs
lowest temperature in freezing:—26¢C

thawing time;20~25 hrs.

Over—all heat—transfer coeificient of mixing evaporator: Max. 103 kcal-nrshr. T
Oil entrained with vapor at mixing evaporation. before oil separator:; 2000 ppm

after oil separator; <5 ppm

14—
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Run 11 | 12 13 | 14 | 15 { 16 | a7 | 18 { 19 | 20

o ' . \ straight Straight

v

E- - Type Straight asphalt 60-80 asphalt 80100 asphalt 6080

[*] . .
5 “|  Weight (kg) 790 840 |794 |786 |925 750 |tossl1040{1000/877
Component ; '
2674 | 2773 | 33-67 | 3070 | 2071 | 3169 |43-57 |4060 | 5644 | 5545
| (Fe(OH) 3 Ca, (PO}, )_{" ’
PH - - - - - — - - 869 —

- Electrl-c - — _ — _ _ _ — - |700 _

= conduc tivity {ulPem)

o [ Solid content {wt%) - - - - -~ — — - 804 —
Radioactive _ - — — — _ _ _ 294, _
concentration®!(uCiAnl ) x10

g;,,_, Solid content (Wt%) 407 1422 |40 .39,9 417 1392 |423 |455 j400 [407

B ~ 'Radiocactive 206,[206,(252,1250,(247,(253,1251,(236,1227 4277

@ o concentration* ! {Ci/g) x102|x10% |x102|x102]x102|x10%|x102|x102]x10 %172

pH —_ — — — — 811 775 — - -

a

@ |Electric — — — — — lang |393 — - —

2 |conductivity (giyem)

— |Radioactive _ _ _ — — 876, . _ _ .

z | concentration™l{uCi/ml} _ x10

) Water evaporation

S rate (kg/hr) 287 1205 |225 |285 (216 1232 (313 (233 (147 [134
~ |Mean temperature (T) 200 (212 {205 [200 |211 |195 (202 |203 (216 (208
o

[=

& & |Temperature of 9 -

% &|heating medium (T) 281 1273 |280 |282 [273 |275 |283 |276 255 |250

= =

= v {Mixing time [hr) 35 |475% | 40 367 45 f 40 | 367 4.0 50 | 533

Co@

a pH - — -~ | = | 957 946 — | — -

: .

5 |Electric _ _ _— _ _ g _ _ _

T |conductivity g7y ml ) 697 877

8 Radicactive _ _ _ . — |90 _g 50 o — _

i concentration*! (£2Ci/ml x10°x10
Specific gravity 153 140] 138 143] 141] 147| 145 139 142/ 144
=

3 |Total . 132 133{ 155) 174| 172 149 211| 1.84| 111| 167

S |radiocactivity™ (mCi)

o |Incorporation ratio 5347 | 5446 |56744 | 53/47 |5743 |56-44 5644 |5743 | 6783|5941
{Bitumen-Sludge)

~— 1 [50mm concrete a 2 :
= lining) g 20 0 30 24 20 1.5 30 15 23 | 20

g b | 35 25 | 50 | 44 | 35 | 40 | 40 | 490 38 | 4.0

€L € a .

-

® g C 25 2.0 5.0 4.0 30 4.0 4.0 35 446 35

- / b

gs| Y d|o2s | 25 | 35| 26 | 25 20| 40| 25 { 28| 30

- <

$ e € (100 85 |[140 {120 100 [135 |105 95 50 1130

S

i

2 f f 1 20 20 | 35| 44 | 30 | 40 ] 25 | 35 30 | 25

*1 ;measured by scintillation counter.

Total radiocactivity entrained in off—gas; 19x10 4 uCi
Total radiocactivity incorporated in bitumen-Total radicactivity entrained in

of f—gas: 14x107 (for'¥' Cs; 68x10°, for®Co: 5.0x]07).

Radioactive concentration entrained in off—gas;125%x107 12 uCi /on' .
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Run 23 24 25 26 27 28 30 58 59 60
=

QEJ Type Straight asphalt 6380

o Weight (kg) 820 [B95 [855 | 850 (865 [900 |852 [860 |865 |852

R

Component s644 | —
(Fe(OH)s Cas (PO, 1,y |6V oM -l =-]=-1=-1—1|=1"
pH -1 - |- e | - == =] =1 =

& |Electric | — — — — —_ — - - - -
g conductivitylggpon)

0 | Solid content (wt7) - i — — — — — - _
Radioactive - S - _ _ " _ _ _
concentration®!(Ci ml)

v Solid content{wt%) 471 (470 548 | 524 |[524 (508 [541 [433 [433 (460

o

3% Radioactive 268,246,264, 202,433,498, 332,)208,/208,|235,1

w v concentration’l[ﬂCi/g) %107 x10%%10% x109x10°|x10°[x107[x10%x10°[x10
g i S RN N A S A (N
= Electric — — — — — —_ — — _ _
= conductivitylgyom)

o Radioactive . — _ _ - - _ - - _ .
concentration®l{uCi/ml )

Water evaporation 161 |151 | 30 85 (123 1583 | - |[215 [184 |166
rate (kg/hr)

&|Mean temperature (T) |204 208 217 209 1200 204 | - 211 {205 {210
e O | Temperature of 260 |261 237 |261 l271 |270 | = |255 |247 |244
= e heating medium (T)

o]

S 2| Mixing time (hr) 467 55 | 60 30| 367| 45 | — 475 367| 275
@ pH -1 1-1-1-1-1-1-1-
o
w .

g Electric — — — - - — - — — -
© conductivity {g o)

=) Radicactive _ _ . ~ _ _ 1.7§7 _
© | concentration*}(yCi/ml} x10 - -

e . *2 +2 2 * 2

Specific gravity 153| 159 y,0| 132] 149t 141|149 147 140| 145

¢ | Total =2 *2 *2 *2
.. * . . . . 9 62

'§ radioactivity HmCi) 179} 181 764 0.57 597 354} 195 16 152| 293

Iy Incorporation ratio *2 *2 -2 *2
“ | (Bitumen/Sludge) 5545 (55745 ) 7,0 | 7525 |e0,a0 | 8M [P |28 15545 (50,50

(50mm concrete *21 ¢ =2 ) *2 2
lining) a | 40| 451 4, 5| g5 | 30| L0 300 55 | 10

= =3 -2 %2 -2

<] - b 6.0 5.5 28 1.5 70 7.5 23 3.0 35 25

& e a *2 *2 ' 12| 2

© % | c 45 45 38 30 70 7.0 30 25 23 18

2= / b ales | 70| 22 10 “2 g0 | 20 | 45 I

. g c ) 18 5.0 ‘ 4.0 25
= e 1120 |120 2| 45 2| 510 1105 | 90 | o221 L2
a o ‘ Yl 65 2 200 : : Yoo | 60

EE f £ | 45 | 40 *2) 35 2t oo iz |20 22| . %

0 @ ' : 4.0 6.5 ! : ' 18 | 15

*2: value iﬁcorporated both chemical sludge and evaporation concentrate.
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Table 4 Bituminization of evaporator concentrate.
Run 1 2 3 4
c .
Eﬁ Type Straight asphalt 60/80
=
o@
a5 Weight !kg) 855 8 6.5 865 852
e Component *»2 *2 *3 =4
3]
o 115 115 107 107
$ |Main radionuclides tiics, ¥ |*'Cs, %o |¥™Cs , "'Co |'PCs, *'Co
[&]
] Electric conductivity .
S !Solid content (wt%) 772 772 10.0 265
1]
= Radioactive concentration — g - _2
g‘ *1 (ptCi/ml) 635x10 6.35x10 242x10 119x10
-
= | Volume treated (1} 185 100 200 170
Water evaporation rate 5 571
- (kg hr ) 56.9 25 548
=]
E Mean temperature [TC) 153 128 156 179
w '
£ 2 | Temperature of heatin
— A 2 262
f_‘g medium (TC) 278 267 262
=
Mixing time (hr) 3.0 1.6 35 - 31
@ pH 954 9.10 8.0 5 810
o .
0
= Electric conductivity 345 510 570
_Qé Cyen) 245
S Radiocactive concentration —6 —6 B —7
| l,uCi/ml) 114x1¢ 328x10 588x10 339x10
i e R — 110 .
Specific gravity 104 115
-
[&]
-§ Total radioactivity *1{mCi) 705 381 0.48 203
[~
[+ Incorporation ratio 8614 92”8 8119 6535

(Bitumen-Solid)

Qver—all heat—transfer

coefficient of mixing

*1! measured by scintillation counter .
*2: NO3; 05%, C17:03% SO%7:16% Fe: 016%, etc.
*3: NOT:01% C1 5 039% SO; ;044% Fe; 027% Ca: 006% Mg: 0.0 5%, etc.
"4 NOT:03% C17:1.0% SO,” 512% Fe;0.7% Ca; 0.16% Mg: 014% etc.

Radioactive concentration entrained in of f-gas;28x10™

evaporator: Max 122kecal/mn? hr. T

11

Total radiocactivity entrained in of f—gas; 31x10* uei.

&G em'.

Total radioactivity incorporated in bitumenTotal radicactivity entrained in

of f—gas; 1x1 0% (for'*’

Cs ; 76x%10°

for ''Co; 1.7x107 ).
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