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~ APPENDIXA
Experimental Data for Equilibration Time Study

Conditon :  [QUAT] 0,02 03, and 04 M

[Cr04 Jintd  0.02 M

[Ba“ i  0.04 M

. [CtEfj Joupemdtart yl\ﬁ)piﬁ
Time Shr.) No QUAT O.ZM(éUAr 0.3 M QUAT 0.4 M QUAT

0. 0.237 3469 4.452 6.692
0.2 0.043 1.995 2.333 2.660
0.3 0.289 2,005 1.581 1.963
05 0.311 1454 1372 1875
0.7 0.403 1454 1.213 1462
0.8 0.033 1523 1421 2.153
10 0.184 1.762 1.659 1.761
12 0.622 1.0% 1.338 1.385
13 0.185 1.652 1175 1441
15 0.216 1.958 2.211 1576
L7 0.206 1530 1.864 1523
18 0.200 1670 1372 1531
2.0 0.186 1.768 1974 1529
2.2 0.238 1721 1817 1481
2.3 0.200 1.630 1.876 1.324
25 0.157 1.808 2.005 1.391
1 0.183 1.739 1747 1.006
2.8 0.146 1481 1521 1480
30 0.176 1.323 1410 1511
32 0.023 1.33% 1408 1595
3.3 0.146 1.907 2.092 1603
35 0.099 1712 1.363 1601
37 0.067 1.208 1.186 2.739
38 0.123 1711 1.210 1442
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_ LECr04 CRTeat Spprit
Time 6hr) QUATOM QUAT02M QUAT0.3M QUAT 0.4M
4, 0.100 1.763 1.233 1.408
4.5 0.087 1.773 1.164 1.784
5.0 0.096 1.733 1431 1.745
55 0.893 1.712 1430 1617
6.0 0.043 1951 2.213 2.159
1.0 0.003 1.710 2.101 2,019
8 0.184 1,530 1.128 1525
9 0.000 1575 1381 2.408
12 0.180 1422 1471 19
15 0.086 1.462 1474 1427
18 0.126 1.462 1.676 1.446
21 0.126 1.365 1.846 1.908
24 0.073 1.496 1.999 1.838
21 0.105 1,500 1.286 1.924
30 0.043 1452 2.085 1421
33 0.013 1.426 1.365 1.457
36 0.157 1.448 1.332 1.908
39 0.105 1401 1.314 1437
42 0.103 1.406 1.425 1.274
45 0.132 1410 1.383 1.924
48 0.110 1,096 1411 1.348
67 0.095 1.109 1.255 1453
2 0.089 1.143 1.255 1471

Averagea 0160 +0.154 1540+0.364 1543 +0.536 1.642 +0.810
% Chromate 99~99 99~93 33 99~93

a Equilibration time between 0.5 and 72 hr,
%Cro& (1- [Cr04 Jayemetant/ [CrO4 ]intia ) x 100



~ APPENDIX B
Experimental Data of Semi-Batch Process

APPENDIX B.1 Effect of flow rate and crystallizer height

on the precipitation

Definition

L [Cr0&isoiid = Analytical result of chromate in the solid
particle in the overflow solution

2. [Cr0&2] 1 = Total chromate concentration in the
overflow solution

3. [Cr04 isupernatant = Chromate ion concentration

¢ [Cr04 sotickcy = Calculation of chromate concentration

in BaCrOdparticle o
It was used to report in result and discussion.

= [C r042],0,3 E [CrO4Z]supernatant
5.% Cr0& = Chromate ion concentration in supernatant
at the outlet relatived to initial chromate
concentration in the feed inlet
—[Cr04 [supernatant™ [ Cr04 linjtj3] X 100
6. % Cr042 in BaCr04 = The ratio of chromate concentration in
precipitate in the overflow to chromate
concentration in feed
= [Cr042]50,ic(c/ [CI’042],,1,,31 x 100
1. % Barium excess = The ratio ofbarium ion in the Supernatant to
barium in feed
—[ Ba Isupernatan/ [ linitial » 100
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Run No.|
Condition : [QUAT] 0 M
[Cr04 liniti 0.02 M
LBa lintial 0.04 M
low rate 4 mL/min
Height

3cm 43cm 53cm 63cm 73cm 83 c¢m
[CrO4 lspametart »ppm 02 04 049 049 049 048

[Cr042]103. ppm 28 AB 0% 960 uUB B2A
[Cr04 ]9lid. ppm 018 2047 109 UL 12O U
[Cr042]90id(c). ppm 238 208 2046 101 B UB
% Cr04 002 002 002 002 002 00
% Cr042 in BaCr04 0% 090 08 08 059 05
[Ba Iapameat B3 B 20 24 134 18
0% Barium excess AL 2043 B 260 BN 2347
Run No.2
Condition : [QUAT] 0 M
[CroZ]intd 0.02 M
[Ba2+]intia, 0.04 M
Flow rate 6 mL/min
Height

3cem 43cm 53cm 63cm 73cm 83¢m
[CrO4 Ioparetat * ppm 02 050 046 0% 062 066

[CrO4220a. ppm BE) 45 45 A3 BB B
[CrO4Z1K0d, ppm BB FA BB DL KB B
CrOQKidg, pom 0B 404 4108 405 Z6L  B%
% Cr02 02 0@ 0@ 0R 0B 0B
%Cr04 inBaCrod 250 17 1M 1B 1 12
[Ba layereat @ ® D% 130

% Barium excess 260 286 862 UB BU B/



Run No.3
Condition :

(Crod et sppm

[Cro42]toai. PPM

[CrO&2]did, ppm

[Cr0&2]3d(c). ppm
% Cr04&
% Cr042 in BaCr04

[Ba Jperdat

0 Barium excess

Run No .4
Condition :

[VBD4 Jmreiat ' ppm
[CrO42]IChi. ppm

[Cr042]x0jd. ppm
[CrO&2 X)id(c), ppm
% Cr042'

% CrC4 in BaCr04

[Ba Jperdat

%% Barium excess

45

[QUAT] 0 M
[Cr04  Jnitid 002 M
[Ba4]initg 004 M
Flow rate 8  Limin
Height

3cem 43cm 53cm 63cm 73cm 83c¢m
04 040 04 0¥ 042 03

026 6777 6L 53 062 478
095/ 650 5107 %276 M0 A4
0983 6737 6106 %H 00 4747
02 002 002 002 002 0@

300 2% 263 246 216 206

1 4o om0 mw up
0% 2002 204 VO 204 2023

[QUAT] 0 M
[Cr04 Jnitid 002 M
[Ba Jnitid 004 M
Flow rate 10 L/min
Height

3cm 43cm 53cm 63cm 73cm 83 c¢cm
02 00 032 03 027 0%

%66 R4l TATT 7L 5860 A%
619 806 6938 6908 3B KK

%31 B0 AL 0B BB UK
0L 000 000 Qo0 00L Q@
4% 400 32 3 28 2%
m 1 s 4 0% 1w
04 200 2017 207 9% 189



Run No.5
Condition :

[CrCLzJapamm Sppm
[CrO&2Ttad , ppm
[CrO42did. ppm

[Cr04Z2]Dide), ppm
% CrQ&
% CrC4 In BaCr04

[Ba Jupendtat

O Barium excess

Run No.6
Condition :

[CrO4 Jpendtat " ppm
[CrO42Ttod . ppm
[Cr042]9lid. ppm
[CrO£2]0(c), ppm
% Cri&

%Cr04 inBaCr04

[Ba Jupendtat

%% Barium excess

[QUAT]

[Cr04 licd

[Ba2+]irttil
Flow rate

33cm 43 cm

043
105.76
9751
10633
002
45

1089
1983

[QUAT]

056
99
9234
99.34
002
428

106
971

[0CX i

[Ba Jntd
Flow rate

33cm 43 cm

04

04

1354 1034
B 1678
134% 189

002
582
il
1841

002
5%
1109
2019

46

0 M
002 M
004 M

2 mL/min

Height
em 63cm 73cm 83cm
049 024 027 037
R4 U5 U8 PN
a2 819 &BH N
9193 %0l #3A  MHK
02 000 000 0
3% 406 363 3M
1 1™ w1 ue
1868 1859 2006 2007
0 M
002 M
0.04 M

14 mL/min

Height
em 63cm 73cm 83 cm
02 08 02 03
13% 163 U4 Y
10364 %58 809 {0
11303 1451 U3 &1
04 0 000 00
481 450 407 353
1000 1040 1009 100
82 BP 18D 183



Run No.7

Condition : [QUAT]
[Cr042]jnitial
[Ba linid
Flow rate
33cm 43cm

[CrO4 kpemdiat5pptn 212 199
[Cr042] Tat, ppm 27710 1870

[CrO&Z]90jid, ppm 12190 1802
[Cr042]Dia(c). ppm 1558 18671

% Cr0& 009 009
% Cr042 in BaCr04 "1 806
Ba Kyt 47 2949
LA)Barlum BXCESS %68 513068
QUAT | spmtzm 15
A)QUA M13 3116
Run No.8
Condition : [QUAT]
[Cr042 initial
intial
Flow rate
33cm 43 cm

[CrO& sporBltl ppm 4% 3%
[Cr042](0L,, ppm 20030 5150

[Cr0&2]sN . ppm 24770 23850
[Cr042]31d(c), ppm 259 24754

% Cr042 019 01
% Cr042 in BaCr04 1| 1067
EB** Rperdat 230 230
Yo Barium excess 4135211% P4
QUATI 13082

% QUAl[ et 4106 4046

0.2

0.02

0.04
4

M
M
M

mL/min

Height
63cm 73c¢cm 83 cm

h3 cm
202
180.10
17671
17808
0.09
168

3018
A%
10614
3252

0.2
0.02
0.04

6

233
15060
14571
148271
010
6.39

3006
A2
9608
033

M
M
M

mL/min

Helght

K3 cm
397

25840

23130

2A43
017
1097

228
4153
11475
3549

63 cm
347

248,10

231.10

24524
015
105/

200
4004
10180
3L48

159
14090
13114
13031

007

6.00

3010
A4.19
8124
2698

3¢cm
319

236.10

20830

23291
014
1004

251
39.16
214
2868

47

12
11186
10245
11034

007
476

2993
A48
8342
2580

83 cm
329

2181

2787

21852
0.14
942

2006
3.5

22
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Run No.9

Condition : [QUAT] 02 M
CrO4 linitia 002 M
Ba2+]inital 004 M
Flow rate 8  mL/min
Height

3cm 43cm 53em 63cm 73cm 83cm

(Cro4 JpreatSppftt 520 54 349 3% 300 3%
[Crod]idd, ppm W 48D N0 4640 A% 47T

[CrOLZIL. ppm DY DB 5K 4810 U8 A0
COZ0T) pom 45D 4316 M4 8 B8 4144

% Cr04 02 02 05 05 013 05
% Cr042 in BaCr04 1963 2040 20283 V% 07 UL
EBa Ipemdtan 009 29 269 2189 2810 1897
Jo Barium excess 859 B3B8 L2 N DU AUH
EQUAT enia] 14930 14211 12198 1245 12086 8655
% QUA 620 414 N% B2 3B BT
Run No. 10
Condition : 1QUAT] 02 M
[Cr042] nnd 002 M
[Ba lintid 004 M
Flow rate 10 mL/min

Height
3cm 43cm 53cm963cm 3cm 83 cm
[Cr0& sypomdht, ppm 510 404 286 262 2% 19

[Cr042] 4.1 ppm 860 TIBR 605 6L 67813 6281
[COLILppm  TR% 613 603 G461 658 505
[COZIOHD, pom TS TI4% 666 6250 6517 6208

% Cr04 02 017 012 011 013 008
% Cr042 in BaCr04 62 00 0B B% 2010 2676

U0t 2414 199 2300 1% 1843 18D
% Barium excess BY B4 LU BN BH RNX
[QUAT]3penB3 14157 1349 1% %13 1058 1082

% QUAT B8 48 412 V0 HX R4
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Run No. 11

Condition : [QUAT] 0.2 M
[Cr04 lintid 002 M
[BA linitid 004 M
Flow rate 122 mL/min
Height

3cem 43cem H3em 63cm 73cm 83 cm
[Cr04 Joperetat 'ppttt 524 489 320 34 3% 3
[Cr0420.1, ppm 1040 11748 11848 11556 1137 9844
[Cr0& Tid. ppm 916 11066 A9 N178 1003 M98
[Cr0&2]Tid(c). ppm 1087 11699 11816 11522 11105 9809

% Cr04&2 03 02 04 05 014 05
% Cr042'in BaCr04 693 543 08 4966 4787 228
!Ba uperetart 0% 182 1™ 198 189 17y
Jo Barium excess JM B RNV RB O OBU 36l
[QUAT]Srem, 31 14187 131 1363 1211 13 1672
% QUAT 8381 B2 MBI 409 9D
Run No. 12

Condition : [QUAT] 02 M

[Cr0&Z]nja 0.02 M

lintial 004 M

Flow rate 14 mL/min

Height

3cm 43cm 53cm  63cm 73cm 83 c¢m
[CrO&]pemian, ppm 528 547 48 3% 313 346
[Cr0&2]0.1. pom 206 1078 12446 12586 12407 11422
[Cr02 1. ppm 11532 12067 1525 11940 1710 10%61
[CroZT0,10, ppm 1253 1303 1207 1248 1315 1188

% Cr04? 023 024 04 017 013 05
% Cr042 in BaCr04 NAH o %13 B4 M0 5833 4908
LBa lqpigatat 1 10 160 1 168 1
Yo Barium excess 4 PU N7 B N2 097
[QUAT Jaupim13] 14403 14262 1013 1302 13 13903

% QUAT MM 4N BB 28 2B 26
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Run No. 13

Condition : [QUAT] 03 M
[CTO4 Jini] 002 M
[ lintid 004 M
Flow rate 4 mL/min
Height

3cm 43cm 53cm 63cm 73cm 83cm
[CrO4 Japeretart5ppm 140 146 1 08 015 05

[CrO&2Tttd , ppm 09 B12 HL 60 BN ShH
[CrO4213)¢ . ppm 416 4052 BB 4276 076 23
[Cr042]30icl(c), ppm 859 4166 L8 H2 BB 4HK
% Cr042 006 006 006 0B 000 OO
% CrCXf in BaCr04 20 180 18 1% 1§ 19
LBa I ameta MR M4 O BT UM WM
Jo Barium excess 8Li8 8034 740 BI04 B4
[QUAT |supLLtall BhH G4l T 562 4008 3489
% QUAT 789 B2 KO UB 826 7119
Run No. 14
Condition [QUAT] 03 M
[Cr042 inttial 002 M
lintidl 004 M
Flow rate 6 mL/min

Height
3cem 43cm 53ecm 63cm 73cm 83 cm

rrO4 g Sppm 200 21 28 080 04 0
[CrO&]d , ppm W50 20 WD K N0 6%
[CrOL]Hf . pom 060 2150 W70 190 010 B
[COQFNE. ppm 230 B9 W07 R W0LT 665

% Cr042' 09 000 010 003 002 0
% Cr042'in BaCr04 919 105 8711 66l 437 287

Iperetan 23 4012 B2 I B 208
% Barium excess hB BB 08 6380 604 5.1
[QUAT st 10859 10985 10874 8209 560 4019

% QUAT 23 286 239 162 146 88X



Run No. 15
Condition :

[CrO4 lopametart Spp”
[Cr042Tto8, ppm

[CrOZ]9)C, ppm
[Cr04Z]30Klc), ppm
% Cr04

% Cr042 in BaCr04
LBa LBtz

Yo Barium excess

[QUAT]apm L
% QUAT

Run No. 16
Condition :

CrO4 Juperdlat 1 pptn
Cr042 111 ppm

[Cr04 5, . ppm
[Cr04Z]50K0), ppm
% Cr0&2

% Cr042'in BaCr04
LBa :
Jo Barium excess

[QUAT a1l
J QUAT

[QUAT]

Cr04 Jnita

BaZ 1ilid
Flow rate

44
10946
0734
10902
019
46,9

34
64.69
1294
26.73

[QUAT]

362
9155
8339
9119
016
33

212
410
12589
5%

F'A'04 lintl

Baz+ 113
Flow rate

33cm 43 c¢m

520
11836
10780
11784
02
.79

04
5540
14588
30.08

323
11342
11021
11310
014
4875

2148
A0
13%4
2819

03

0.02

0.04
8

M
M
M

mL/min

Height
33cm 43cm 53cm 63cm  73cm 83 cm

306
o112
8266
9081
013
39.14

2164
.68
12419
2560

03
0.02
0.04

10

365
8333
1857
8296
016
3b.16

265
47,18
1229
815

M
M
M

mL/min

Height

K3em  63cm 73 cm

324
10898
9892
10866
014
4664

2697
49,09
13419
216/

34
1026
966.6
10191
015
4393

2472
4500
1329
2121

3488
8619
851
8564
015
37.00

2529
46,04
11065
281

324
073
8509
041
0.14
3897

2390
4.1
12065
2487

51

33
1649
7110
1816
0.14
3369

2418
4401
10029
2068

83 cm
286

1876
%9
1847
012
38

231
40,62
1109
2.74



Run No. 17
Condition :

[Cr04  Jupamdtart ?ppttl
[Cr042]todd, ppm

[Cr042] 4, . ppm
[Cr0&2])id(c), ppm
% Cr0&

% Cr042 in BaCr04
gBa :
Jo Barlum excess

[QUAT]spen
J QUAT

Run No. 18
Condition :

[Cr04 Jperetzn * ppm
[CrO&2]1L,!, pom
[Cr0& K. ppm
[CrO&Z]c). ppm

% CrO f

% Cr042'in BaCr04
Ba
gﬁ) Barium excess

[QUAT]spendL
% QUAT

[QUAT]
[Cro4 lintdl
[Ra lintid
Flow rate

33cm 43 cm
K23 340
14311 1180
13216 11501
1469 11826
023 05
6146 5097

200 241

414 BX
1625 1625
3L Bl

[QUAT]
CrO4 ]jfe
Ba2+]intg
Flow raie

3cm 43 cm
hdl 3l
16413 16296
13286 15970
16360 1664
023 014
05 7010

200 205
419 413
18525 17600
319 HBH

0.3 M
0.02 M
0.04 M
12 mL/min
Height
hem 63 cm
3B 33
U7 1026
11326 10015
1104 1093
014 014
N1 438

14 M
B4 3B
16146 16102
$H 3D

0.3 M
0.02 M
0.04 M
14 mL/min
Height
h3cm 63 cm
3% 39
15311 1773
14024 1326
1585 14740
05 04
0610 6353

00 19
JU X
153 17584
5 6D

73 cm
33
10758
987.6
10724
0.15
46.23

20%
312
1510
3231

73 cm
326
1570
1157.7
12537
0.14
.04

17190
3251
1752
313

52

83 cm
33
103L1
9755
10278
0.14
430

1919
AR
14718

83 cm
349
1191
10125
11656
0.15
5024
178
32483

17564
il
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Run No. 19
Condition : [QUAT] 04 M

[Cr04 Jnitd 002 M
[Bs lintid 004 M
Flow rate 4 mL/min

Height
3cm 43cm 53cm 63cm  73cm 83 cm

C04 kyemetopptt 0% 08 0% 0% 05 007
[Cro4Z]ttd, ppin Y %8 B 66 42 DU

[CrO42]51d, ppm 1042 223 714 601 BN 214
[CrO£273M4(e), ppm 2800 %60 827 65l 4717 008

% Cr04? 04 0 004 002 000 000
% Cr042 in BaCr04 62 412 359 287 23 1)
ISuoametat hl18 4% 458 M66 4080 L7
% Barium excess B 0NM 8% 8N ML T3
EQUAT it 849 6616 54 A 68T 2
% QUA PY 0B 8% 112 510 34
Run No.20
Condition [QUAT] 04 M
AT il 002 M
{M lintial 004 M
Flow rate 6 mL/min
Height

3em 43cm 53cm 63cm 73cm 83 cm
AN04 Ispomelart” pp” 1% 08 011 042 032 0%
Cr042]ty . ppm 0036 1926 132 %68 8043 300
[CrO42]0K . ppm 1967 18634 1464 060 BB N6l
[Cr0£27i(c). ppm 64 1868 124 B D11 B

% Cr042 08 003 003 002 000 00
% Cr042 in BaCr04 86 8% 65 41l 345 16
EBtt I paretant A Me6 447 424 331 319
% Barlum excess 62 68L0 7B BT 698 678
[QUAT]s pOveart %8 808 76 5540 5169 2468
% QUAT ugr 26 110 8y 1P 3



Run No.21
Condition :

[Cr04 Jumatart Spptit
[CrO&]tdg , ppm
[Cr0&2]<id. ppm
[CrO4Z]dd(c). ppm

% Cr04'

% Cr042 in BaCr04
lBa :
QUAT[SnE
QAT

Run No.22
Condition :

[CrO4 Rupemdat »ppitt
[Cr042]a,,. ppm
[CrO27jt, ppm
[CrO&2]90;1¢). ppm

% Cr042

% Cr04 in BaCr04
lBa :
Jo Barium excess

[QUAI|supomiart
% QUAT

[QUAT]
[Cr04 lintid
[R4  lintid
Flow rate

33cm
il
184.%
77183
9.8
0.2
3361

412
1606
1099
169

43 cm
080
66114
659.26
660.34
003
2846

B4
03
%215
4%

[QUAT]
[Cr04 Jrtid
[RM Jnitid
Flow rate

33cm 43 ¢m
hbh o 34

285 11106
2603 10672
281 11671
04 05
53 N3

a3 3169
628 5768
o 12619
198 1931

04 M
002 M
004 M
8 mL/min
Height
h3cm 63 cm
19 060
66887 59383
62125 553%
06138 53323
006 003
BT B57

30 B2
6699 659
6% 7l
27 1208

73.¢m
053
53552
%6221
54,99
0.02
522

o4
63.05
o184
802

04 M

002 M

004 M

10 mL/min
Height

h3cm 63cm 73 cm
30 306 298
10841 100019 9437
999 9805 91
10811 9988 9407
013 013 013
4660 4305 405

A% 2968 2968
%3 %0l 50
50 16% 10239
193 18O 158

54

83 cm
032
41933
3021
41901
001
18.06

32%
9.9
5132
1%

83 cm
309
8846
850.7
815
013
319
2921
327

16V
1218



Run N0.23
Condition :

[CrO4 layaretat * ppm
[Cr04],0al. ppm

[Cr042d0kt. ppm
[CrO42]dlidc), ppm
%Cro

% Cr042'in BaCr04

lBa |pareant
Yo Barium excess

[QUATIS..
I QUA

Run No.24
Condition :

{Cr04 ISupametart * ppm
Cr04 0al. ppm
[CrO&2]9K , ppm
[Cr042 k0. ppm
%Cro4

% Cr042'in BaCr04

lBa S
Yo Barium excess

[QUAT]s pam’an
U QUAT

[QUAT]
[Cr04 Jintd
[Balinitial
Flow rate

33cm 43 cm
hg 327

12837 12638
11610 11507
1283 1605
024 04

%10 U3

34 Y4
2924 A8
1906 19115
N0 2%

[QUAT]
Cr04 linta
Ba" lintia
Flow rate

3cem  43cm
2 340
14139 12891
1063 11574
1482 1287
05 05
6010 542

27 240
68 425
A150 21336
20 329

04 M
002 M
004 M
12 mL/min
Height
em 63cm 73 cm
3B W A
12060 11274 11005
1113 10369 10897
2028 11243 10973
014 013 0u
hL8 4846 413
80 %65 X5
5L 4179 4654
1064 1889  182%
048 2828 RBXA
0.4 M
002 M
004 M
14 mL/min
Height
53em 63 cm 73 ¢m
35 3 3R

2874 12133 1014
b4 1124 10839
BT 1205 11976
014 016 016

%H 214 5162

20 04 A2
068 39 B8
005 1916 1898
20 A1 2024

55

83 cm
328

10848
998.7
10815
014

46,62

2523
459

243

83 cm
343

11343
1066.7
11309
015

8.7

190
36.03

2813
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APPENDIX B. IA Summary of the effect of flow rate on the precipitation

Condition:

Flow rate
mLQmm

10

it

Flowrate
Height

%BaCr04particle
% Chromate
%QUAT
%BaCr04 particle
% Chromate
%QUAT
%BaCr04particle
% Chromate
%QUAT
%BaCr04 particle
% Chromate
%QUAT
%BaCr04 particle
% Chromate
%QUAT
%BaCr04particle
% Chromate

% QUAT

4-14  mL/min
83 cm

OM o.EQl\%AT&sMM 04M

4.76
0.07
25.80
9.42
0.14
21.21
17.36

0.15
26.71

26.76
0.08
3347
42.19
0.15
39.19
49.00
0.15
42.69

051
0.02

122
0.03

2.05
0.02

A
3.44
0.02

[

197

0.01

119
87

«

8.29
33.69
0.14
20.68
33.82
0.12
22.74
44.30
0.14
30.34
50.24
0.15
36.21

1.30
0.00

3.45

167

0.01

3.82

18.06
0.01

.94
37.99
0.13

12.18
46.62
0.14
24.32
48.75

0.15
28.13



APPENDIX B.2 Effect of concentration ratio on the precipitation

Condition : [QUAT] 0,02, 03, and 04 M
[Cr04 Mntid 002 M
LBa2+]|nha| 0.02,0.03,0.04, and 0.05 M
lowrate 14 ml/min
Height 83 cm
[CrO&2Ta aretart « pprii
[Ba2+]/gCr0ZQ] [QUAT] 0 M [QUAT] 02 M [QUAT] 0.3 M [QUAT] 0.4 M
2.38 8.87 11.08 1227
15 051 503 5.26 5.55
2 0.38 346 349 343
2.5 0.29 0.42 162 167
% Chromate
[Baz+]/ [CrOf] [QUAT]OM [QUAT] 02 M [QUAT] 0.3 M [QUAT] 0.4 M
0.38 0.48 053
1.5 002 0.22 0.23 0.24
2 0.02 0.15 0.15 0.15
25 001 0.02 0.07 0.07

%Cr042

([CrO4 YuEn{a /[CrO42]inkR) X 100



~ APPENDIXC
Experimental Data of Continuous Process

APPENDIX ¢. 1 Effect of flow rate and crystallizer height

on the precipitation
Definition
1. [CrOc ] = Analytical result of chromate in the solid
particle in the overflow solution
2. [Cr0&2 I3 = Total chromate concentration in the
overflow solution
3. [Cr04 Juparetat = Chromate ion concentration
4. [Cr04 o) = Calculation of chromate concentration
in BaCr04particle
It was used to report in result and discussion.
= [Cr0& 03 - [Cr0& samdat
5. % Cr0& = Chromate ion concentration in supernatant

at the outlet relatived to initial chromate
concentration in the feed inlet
— [Cr04 IsLipametay [ Cr042] Bm x 100

The ratio of chromate concentration in
precipitate in the overflow to chromate

concentration in feed
- Cr0&Z]Tiac/ [CrO4L]in.a x 100

The ratio of barium ion in the supernatant to
barium in feed

— [Ba lsypemaay [ linitidl » 100

6. % CrC)&2 in BaCr04

7. % Barium excess



Run No.|
Condition :

Cr04  lspametart Sppm
Cr042]total, ppm

[Cr042]<XH, ppm
[Cr042]sofllc), ppm
% Cr0&'

% Cr042 in BaCr04

[Ba Iayamatat

U Barium excess

Run No.2
Condition :

[Cr04 lpenetat * ppm
[CrO4-[11L ppm

[Cr042]4Xd , ppm
[CrO423M0) Lppm
% Cro&

% Cr042 in BaCr04

[Ba Lpaeta

% Barium excess

59

[QUAT] 0 M
[CrO4 lintid 002 M

LBa~ lintial 0.04 M
low rate 4 mL/min

Height
3cem 43cm 53cem 63cm  73cm 83 cm

04 046 046 05 046 08
o3 BB 632 200 B4 1A
BB AN AR U6 BA  UR

o) BN B N5 BD BbXH

02 002 002 002 00 00
246 14 1M 08 08 066

A% AD A% A% A% AD
Bl B B BT OB R

[QUAT] 0 M
[CrO4 intid 0.02 M
[Baz{ I 0.04 M
Flow rate 6  mL/min
Height
3cm 43cm 53cem 63cm 73c¢cm 83cm
02 038 038 0% 0% 04
877 420 64 N67T BB 216
bd BN 327 0B AN 184

B8 HB NB N4 BN AP
02 002 002 000 000 o0
2% 18 13 11 110 09
09 2029 20 209 20 A0
% BU BB U HB BB



Run No.3
Condition :

[CrO4 Qpemdant Sppm
[Cr042 (3, ppm
[Cr042S0lid, ppm

[Cr042]fd(c), ppm

% Cr04'
% Cr042'in BaCr04

[Ba Syparetat
% Barium excess

Run No.4
Condition :

[CrO4 Spemdat sppm
[Cr042]tail. ppm

[Cr042S0lid, ppm
[CrO42S0HIC), ppm

% Cr042
% Cr04 inBaCr04

[Ba louperetant

% Barium excess

60

[QUAT] 0 M
[Cr042]inttg 002 M
LBa_ Jntid 004 M

low rate 8  mL/min

Height
3em 43cm H3cm 63cem 73cm 83cm
040 03r 08 02 024 024
1310 03 %A 08 B4 Bl
1546 6l 5342 05  DH B
1579 0% 54 N2 BB A
02 002 000 000 000 QoL
0 30 24 26 1% 1%
1% 1% 1% 196 1% 1%
$13 BB HI B BB B3
[QUAT] 0 M
[Cr042]inti 002 M
[Ba Jnti 004 M
Flow rate 10 mL/min
Height

3cm 43cem 53cm 63cm 73cm 8 cm
08 03y 03y 02 031 03
1626 R2%6 HIA 60253 N8 BT
05 83% 612 RH  HA 462
148 9189 655 6220 H5 4B8M
02 002 002 000 000 O
Mmoo 3% 282 28 2% 209
192 193 192 193 9 ¥
Sl B BT B B B



Run No.5
Condition :

[Cr047hpenaat ’ pptl

[CrO&2Tttd , ppm
[Cr042]dI. ppm

[Cr0&23id(c), ppm

% Cr042
% Cr042'in BaCr04

[Ba Juperdat

U Barium excess

Run No.6
Condition :

[CrO4 Jpemdat 1 ppm
[Cr0&2 1. ppm

[Cr0& 1. ppm
[Cr04 Lt ppm

% CrQ42
% Cr042 in BaCr04

[Ba Juperdat

% Barium excess

61

[QUAT] 0 M
[Cr04 Jritid 002 M
[Ba2+]inita 004 M
Flow rate 12 mL/min
Height

33cm 43cm 53cm 63cm 73cm 83cm

08 038 03 03 038 03
0422 1304 7167 6624 6L% 5059
0106 9765 6970 6435 563 4366

0364 11266 7130 BN 618 N

02 002 002 000 Q0L Qo
619 48 301 284 264 21

93 1% 1932 198 198 19
B B BT B B BY

[QUAT] 0 M
[Cr042] ntial 002 M
[Ba2 |1k, 004 M
Flow rate 14 mL/min
Height
3cm 43cm 53cm 63cm 73cm 83 c¢m
09 03 03 03 037 03
2093 14347 &7 003 650 5209
2387 1R8%6 T34 6304 54 4998
205 14300 BB M6 612 5L

02 002 00 002 002 00w
9%l 67 38 30 28 2%

9 193 193 195 198 195
B0 BN HO HB B0 A



Run No.7
Condition :

Kupemeat * ppm
[Cr0&2]tag . ppm
[Cr042]dlid, ppm
[CrO42~d(c), ppm
%Cr042
% Cr042 in BaCr04

gBa7 _
Jo Barium excess

QAT

Run No.8
Condition :

VB4 Rupmretat * ppm
[Cr042]tag . ppm
[Cr042]30id, ppm
[Cr04Z]90ja(c), ppm

% Cr042

% Cr042 in BaCr04
Ba
L/o Barium excess

UAT
E/?QUAW

[QUAT]

[Cr04 itd
e Jid

low rate

0.2
0.02

0.04

4 mL/min

M
M
M

Height
3cm o 73cm 83 cm

33cm 43cm h3cm

1%
20601
18649
206.75

005

89

353
66.50
1641
2363

[QUAT]

048
6383
6189
6334
002
213

A7
64.57
1550
233

[CrOTTiitd
B2 i

low rate

33 cm
042
74085
12165
74042
0.02
391

230
42.24
10274
LT

43 ¢m
058
42067
41587
420,09
003
1811

2409
438
10119
3L

04
4918
411
4923
002
212

3562
iyl
7689
23.18

0.2
0.02

0.04
6

050
STAT
329
3697
002
159

33
6441
7140
2%

M
M
M

mL/min

Height

h3 cm
058
2333
230.70
23215
0.02
1003

2301
435
10023
3100

3.cm
082
1803
1%71
19721
0.04
850

239
24
10063
3L12

054
36.62
2907
36.08
002
1%

35%
64.73
18%
2430

73 cm
16
190.29
185,02
189.24
0.06
8.16

230
4.24
10403
2.1

62

027
3.3
307
31
001
143

3565
64.80
1466
2309

83 cm
053
18889
17128
1837
0.02
812

2400
4369
142
23
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Run No.9
Condition : [QUAT] 02 M
[Cr04 Jrttid 002 M
LBa2+]|nt|d 004 M
low rate 8  mL/min
Height

3cem 43cm 53cm 63cm 73cm 83 cm
[CrOzl2 Rpetat'pp7 064 062 068 067 066 0%
[CrO42]totd . ppm 10443 86332 7897 65524 60136 618.70
[CrO&2]dd. ppm B3R BLi4 T80 6428 58278 SUM
[Cr042]90id(c). ppm 101379 8270 7828 065457 600.70 61814

% Cr042 08 0B 0B 0B 003 00
% Cr042 in BaCr04 B30 319 RB BA D XK
LBa Jaeetat N . T VAR /N 1V A /Y
% Barium excess BB RN 30 R4 BB 310
QUATlﬁhmrrﬁmr N%3 198 1/d 119% 12168 11950
% QUA J0 BBV P4 J0 IB XX
Run No. 10
Condition [QUAT] 02 M
[CrO2]inm 002 M
[Baz2]in,3 004 M
Flow rate 10 mL/min
Height

3cem 43cem 53cm 63cm 73cm 83 cm
CrO4 kpeetart'pprf* 0% 048 0% 03 04 047
Cr04&2 ,03. ppm 461  983H 89707 8128 708 73L10
[CrO&2]did. ppm &124 91008 89119 80480 68434 640.06
[Cr042|0id(c). ppm UB R8T 8672 81245 T703B 73063

% Crod2 02 0@ 0@ 0@ 00 0
%Cr0QZinBaCro4 28 N BB BQ N6 3L
[Ba et T m BT B B0 B
% Barillm excess 38 A% BB BB UG BY
[QUAT]seIRa, R LR 08 5 1R D

% QUAT N2 NH  BH  NH BA B
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Run No.l1
Condition : [QUAT] 0.2 M
[Cr04 Jritd 002 M
Jrid 004 M
Flow rate 12 mL/min
Height

3cem 43cm 53cm 63cm 73cm 83cm
CrO4 JKupameat 5pp” 05/ 030 08 0% 05 0¥
Cr0&7tod . ppm 99709 94816 042 693 9184 LA
[Cr042]30id. ppm M2 89862 X110 8%I14 8075 85%6.20
[CrO27dd(c), ppm 9%52 94787 93079 94658 91809 90106

%Cr04& 002 000 0B 000 002 00
% Cr042'in BaCr04 2% 08 4051 4030 N7 BY
LBa Kpemdat w18 179 1 I8 180
J Barium excess 1% B0 3B NP R0 2R
EQUATJ&pamaI 268 2% 1207 1260 129% 12813
% QUAT 6L N7 PR N 400 62
Run No. 12
Condition : [QUAT] 0.2 M
[Cr04 Jna 002 M

IBa Jnitd 04 M
Flow rate 4 mL/min
Height
33cm 43cm 53em 63c¢cm 73cm 83 c¢cm

OO hysmeteppm 051 031 0% 0% 0% 03
[Cro2)teed. ppm WH BI% K5 WAL BAA) U673
[CrOZI9L ppm %32 WM WA B4 L3 9B
[CrOQI0idg. pom WAL %I64 0L 9748 98U 964

% Cr042 002 000 Q00 000 002 oo
% Cr042 in BaCr04 NP 428 0% 408 4026 3950
LBa Bypmdat ol 0 160 160 1749 17%
Yo Barium excess 04 33 N7 D77 ALY RT3
gQUAT S aretall 16 1282 1002 182 1297 181

% QUA 04 0B DB 0B 0B 9K



65

Run No. 13
Condition : [QUAT] 03 M
[Cr04 ]intd 002 M
LBa linita 004 M
low rate 4 mL/min

Height
3em 43cem 53cm 63cm 73cm 83 c¢cm

04 Rysmiatappm 02 00 02 05 07 0%
[Cr042]1cal. ppm 006 G0 06 BY BN DB
[Cr042]9lid, ppm N5 05 BN 2H DL B
[CrOQIE), pom 1974 668 %H BT BB 050

% CrQ&' 000 000 00L 000 00L 0oL
% Cr042 in BaCr04 62 28 1% 18 15 11
!Ba Jpametat dH o MWL B UA A9 308
Yo Barium excess 6288 6191 6142 6306 6370 6386
[QUAT ]I ML 6 B8 6200 5918 59%
% QUA! 1% U8 U5 28 20 2%
Run No. 14
Condition : [QUAT] 0.3 M
[Cr042]intta 002 M
LBo Nnitd 004 M
low rate 6 mL/min
Height

3cm 43cm 53cm 63cm 73cm 83 c¢cm
CrO4 Rpenetat'ppm 037 037 02 0% 020 019
Cr042]tol3l ppm 038 1B 8676 6067 4859 4836
[Cr042]9jd, ppm 288 1179 7167 264 NA 469
[CrO&2]id(c), ppm 0346 131% 865 6041 48390 4817

% Cr042 02 002 000 Q0L 000 Q0L
% Cr042'in BaCr04 1% 560 373 2600 209 208
EBa IUparetat A W BN RXH BB U7
Jo Barium excess 6L 5979 6174 %962 6158 6093

QUAT |supelBart 1 686 613% 597 609 6u
EA}QUA A D% DR R¥P 2B 126



66

Run No. 15
Condition : [QUAT] 03 M
[CrO4 nitd 002 M
LM linitia 004 M
low rate 8 mL/min
Height

3cm 43cem 53cm 63cm 73cm 83 cm

CrO4 et it 0% 08 0B 0% 077 0
[CrO4 T, ppm 077 54T T8 M5 K624 2086

[CrO42]<id . ppm Q0% 05 BUT 0% 2Bl X5
[CrOLJTHID. pom 6043 50426 3050 BL® 2597 205

% Cr0&’ 000 002 000 000 00 QO
% Cr042 in BaCr04 038 A U8 125 B 1209
LBa IUpaetat 240 W UM 2 3T 3%
J Barium excess B9 NN BB N84 B 5N
LQUAT Ipeetant ©5 99 %12 U9 %5 9%l
h QUA! 04 2020 98 10 198 205
Run No. 16
Condition : [QUAT] 03 M
[TTOH  linitia 002 M
L"*4 lintia 004 M
low rate 10 mL/min
Height

33cm 43cem 53cem 63cm 73cm 83 c¢m
[CrO42 A3 11, ppm 049 039 0% 052 04 04

CrO&]d . ppm  %73% %05 %08 10173 %674 %5714
COQ]did. ppm  &8% 86 T3 TR TS &L
CCXADdg pom %688 %016 903 0L %63 %61

% Cr042 02 002 002 002 002 00w
% Cr042'in BaCr04 1168 4139 4139 4316 4165 4A
LBa ISLpenetart 1% 198 19 199 196 1%
Yo Barium excess H49 BB BU HH DB HI6
[QUAT]supertBanil 1686 16747 10073 1694 17415 17145

% QUAT A6 B8 DN HU BN DD
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Run No. 17
Condition : [QUAT] 03 M

[Cr04 linid 002 M

LBu iniia 004 M
low rate 12 mL/min
Fleight
3cem 43cm 53ecm 63cm 73cm 83cm

04 lpematSpptt 034 03 0B 0% 0% 0
[CrO£ 8. ppm 0% 100638 100048 97665 O7LOS 100204
[Cro42]gjid. ppm 0418 W80T BT U565 SO0l BL7A
[CrO&]ic) pom %901 100504 100914 97640 97076 100168

% Cr04 000 00L 000 000 Q0L 002
% Cr042'in BaCr04 263 B3p BN 4200 48 4318
EBa IuperTetart o | I 1 I
/0 Barium excess Y 2B 6 AN 357 3D
QUAT]semdat 184 1749 19 1738 1729 163
A)QUA 32 HMB HB By B2 BB
Run No. 18
Condition : [QUAT] 03 M
[CrO  lintidl 002 M
LBa linita 004 M
low rate 14 mL/min
Height

3cm 43cm 53cm 63cm 73cm 83 cm
[CrO: lopoetat:ppm 02 038 03 03 032 031
[Cr0&2]tog . ppm 104718 1037.27 103150 103067 102407 101829
[CrO&27d. ppm 971126 9538 8%947 9%79% 100L79 101004
[CrO&2]d)is .. ppm 10463 10369 103117 103034 10837 10179
% Cr042 000 000 000 000 000 om
% Cr042'in BaCr04 H12 MU0 M5 M4 K13 4388

IS etart I BS 1™ 186 187 1R
O% Barium excess 24 BB R B BB 3P
[QUAT]S porfBeuu I 178 1600 1/ 183 17818
% QUAT B4 HB IO HBH BB Hd



Run No. 19
Condition :

[Cr04 Spemetat * ppm
[Cr0&2]13, ppm
[Cr042]<lid, ppm
[Cr042]9ic(c), ppm
%Cro&

% Cr0&'in BaCr04
EBa _
% Barlum excess

[QUAT]Sgai L
% QUAT

Run No.20
Condition :

[CrO4 Sypemetart 1 ppm
[Cr042]tota, . ppm
[CrO&2]D i ppm
[Cr0& ]dlid(c), ppm
% Cr0&

% Cr042'in BaCr04
LBa _
% Barium excess

[QUAT]spngL
% QUAT

68

[QUAT] 04 M
[Cr04 Jritid 002 M
LBa lintial 004 M
low rate 4 mL/min

Helght
33cm 43cm 53cm 63cm 73cm 83 cm
03 020 012 01 007 o0u
0P 208 7B 65 78 566
2151 046 58 540 T4 54
209 208 1A 64 78 5K
00t 00L 000 000 000 000
120 00 031 028 0% 04
B Bl B T OBU BN
6973 7039 705 6876 6924 694
ML 40 X4 2Bl A4 AT
39 408 3B 3B 3B s
[QUAT] 04 M
[CrO4 linttia 002 M
[Ba2+]intid 004 M
Flow rate 6 mL/min

Height
3cem 43cm 53cm 63cm 73cm 83 cm
00/ 008 015 015 013 03
216 8B 88X 577 658 5H¥
2180 751 774 53% 5% 5%
20 8% 85 562 646 54
000 000 Q00 000 000 Q01
13 0% 0¥ 04 08 04
020 BB P73 9 BN
1% 02 7039 714 7153 6024
219 B9 2763 BN 7B 2660
40 39 427 400 431 41



Run No.21
Condition

[CrOd Jupasiart ' ppm
[CrO&Ti . ppm
[Cr042790id, ppm
[CrO4Z])j(ct, ppm
%Cri&2

% CrC4 in BaCr04

Jadat
% Barium excess

QUAT]sordin
A) QUA

Run No.22
Condition :

[CrO4 Jupmdtat’ ppm
[CrO42]la . ppm
[Cr042]<IL ppm
[CrO&2]d)idc, ppm

% Cr042'

% Cr042'in BaCr04
Ba
LA) Barium excess

RoUAT

[QUAT]

[Cr04 i
e g

low rate

33 ¢m
020

11047
1431
171027
00L
14

3401
6191
3669
5%

[QUAT]

43 ¢cm
018

11907
10761
11383
00L
512

3264
59.79
41%
649

[Cr04]jid
e yud

low rate

3cm
019
626.75
55893
626,56
001
2101

2559
4658
948
22

43 ¢m
020
2481
434.15
h24.68
001
2262

2057
4837
IG:
1200

04

0.02

0.04
8

M
M

M
mL/min

Height
hdem 63cm 73cm 83 c¢cm

041
VAW
11365
12083

002

oYl

339
6174
3130
511

04
0.02
0.04

10 mL/min

015
84.10
2
845
001
304

320
59.62
3914
605

M
M
M

Height

h3 cm
0.24
461,70
41526
461.46
001
1989

2586
4707
8002
1237

63 cm
0.24
446,22
474
44599
001
1922

2604
47.39
JIEY
1203

0.4
885/
8702
843
001
381

3383
6158
3137
5.18

73.¢m
0.9
454.89
4186
454.60
001
1959

2559
46,58
719%
119

69

012
143
65.50
42
001
320

33T
60.33
389
6.02

83 cm
0.27
456.75
436.31
45648
001
1968

2508
46,14
1813
217



Run No.23

Condition [QUAT]

[Cr04 Jnitd 0.02

[Ba Iintid
Flow rate

04 M

M

004 M
12 mL/min

Hei ght
33cm 43cm 53cm 63cm 73 cm

[Cr04 lporeat pom 03 05 0% 04
[CrO42]toE , ppm 1022 1046 10091 10315
[Cr0&2]3)d, ppm %81 10005 974 10129
[Cr042]3id(c), pom 10218 10343 10188 10312
% Cr0&2 02 000 000 Q0
%Cr04&'inBaCr04 4404 4458 B9 445
Ba | I n  m 1m
Aliee el B

|
L/?QUAT 810 2188 2802 25
Run No.24

Condition : [QUAT] 04 M

[~r04 linitd 002 M

[Baz4]iniid 004 M
Flow rate 14 mL/min

Height

aem 43c¢m 53cm 63 cm

[M'04 lpomgatsppm 038 037 043 03B
[CrCXTI1R. ppm 1210 1119 11210 1130
[Cr042]dlid, ppm 10667 10577 1078 10848
[CrO&270jd(c), ppm 06 1116 105 1R7
% Cr0d&2 02 002 002 00
% Cr0&inBaCr04 4830 4791 430 4908
Iupometart I 9 18 17
E/%arium EXCESS L7 RPY R 3T
[QUAT]sema 3t 18%7 1880 1806 1837
% QUAT 839 B8 RBDHL 283

046
10284
981
10279
002
4431

173%
3157
17919
2011

73cm
035
11119
10939
1116
001
4791

1745
LT

2833

10

83 cm
052

1022
10036
10217
002

404

1733
3L

219

83 cm
039
11119
1066.7
1115
0.02
4791

1757
3L

2839
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APPENDIX c. 1A Summary of the effect of flow rate on the precipitation

Condition:

Flow rate
mLlen

10

14

on the precipitation

Flowrate
Height

% BaCr04particle
% Chromate
%QUAT
% BaCr04 particle
% Chromate
%QUAT
% BaCr04 particle
% Chromate

% QUAT
% BaCr04 particle
% Chromate
%QUAT
% BaCr04 particle
% Chromate
%SUAT _
% BaCr04 particle
% Chromate

% QUAT

4-14
83

0.66
0.02
0.94
001
155
001
2.0
001
217
001
223
0.02

mL/min
cm

0.2 [!E%UAJJ M 04M

143

0.01
23.09
8.12
0,02
32.23
26,64
0.02
36.96
3149
0.02
39.13
38.04
0.01
39.62
39.5
0.01
39.59

131

0.01

12.36
2.08

0.01

1261
12.09
0.01
20,52
41.24
0.02
39.3
43.18
0.02
36.36
4388
0.01
36.74

0.24
0.00
381
0.24
0.01
411
3.2
0.01
6.02
19.68
0.01
12.17
44.04
0.02
21.92
4791
0.02
28.39
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APPENDIX C.2 Effect of concentration ratio on the precipitation

Condition : [QUAT] 0,02, 0.3 and 0.4 M
[CrOQ2Jntia 002 M
LBa2+]1nUa1 0.02, 0.03, 0.04, and 0.05 M
lowrate 14 mL/min
Height 83 cm
[Cr04 Jupenetat Sppttl
[Ba2+]5 1042 [QUAT%OM [QUAT] 0.2 M [QUAT] 0.3 M [QUAT] 0.4 M
3.03 5.55 6.08
0.62 2.36 2.74 343
2 0.38 0.30 0.31 0.39
2.5 0.22 0.26 0.28 0.26
% Chromate
[Ba2+]g 02 [QUAT] 0M [QUAT] 0.2 M [QUAT; 03 M [QUAT% 04M
0.05 0.16 0.24 0.29
0.03 0.10 0.12 0.15
0.02 0.01 0.01 0.02
2.5 0.01 0.01 0.01 0.01

%Cr04

([CrO42 Joupametart /[Cr042]intia) x 100



13

CURRICULUM VITAE
Name Ms.Parnkamol Plianpao
Birth Date August 19, 1974
Nationality Thai

University Education
1992-1996  Bachelor’s Degree of Chemical Engineering in
Chemical Technology , Chulalongkom University



	REFERENCES
	APPENDIX A
	APPENDIX B
	APPENDIX C
	CURRICULUM VITAE

