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ABSTRACT

The theory and-development of a continuous flash
gteam distillation process is described. A brief study
of pertinent variables was made to demonstrate feasibility
of flash distillation process for ODCB removal from Green G
and Blue B pigment slurries. Effects of temperature, hold
time and ODPB/Plgment ratio on quality were also determined.
Bluve B products were also evaluated in soft vinyl.
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INTRODUCTION

A continuous steam distillation process has been designed
and tested on semi-works scale to remove o-dichlorcbenzene
{ODCB) from pigment slurries. A description of the process,
laboratory results and date on demonstrated performance on
green and blue products are included.

A brief study was made on the effects of significant
variables in the breaching of green and blue products.

CONCLUSIONS

1. The flash distillation,process is an effective, repro-
ducible method for removing ODCB from pigment slurries.

2. By controlling pigment-gsolvent contact time and tempera-
ture, a green or blue product of standard strength with
a significantly darker, more transparent masstone can
be produced.

3. The flash distillation process can be incorporated to
remove other water immiscible solvents from a water-
pigment dispersion,

4. 7Plash distillation will make possible a reduction in
distillation cycle of about 50% as compared to batch
distillation.

SUMMARY

A steam distillation process was developed to effectively
remove ODCB from pigment slurries. The process is carried out
continuously and under conditions that do not produce foam
which is currently a frequent serious operating problem.

The equipment required is relatively simple; a steam Jet
eductor provides a "pump" as well as high efficiency con-
tactor for steam and slurry coupled with a cyclone separator
4o separate the solvent-free slurry from the vapors. The
contacting is done in the absence of air which prevents the
formation of foam which occasionally causes serious operating
problems in the plant. The process produced green and blue
products of standard strength with a much darker, more trans-
parent masstone. The rapid continuous removal of solvent
makes relatively close contreol possible of solvent-plgment
contact time. This led to a study of other pertinent vari-
ables affecting breaching, ODCB/Pigment ratio and temperature.

DISCUSSION
A. Theory
Flash distillation incorporates the same steanm
distillation principle on a continuous basis that is

currently used on batch basis. To determine operating
parameters we have the following. :
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DISCUSSION (Cont'd)
Theory (Cont'd)

A.

B.

Heating Requirement

nou !l L

i

f

'Wg = 'MA, ( B_ - Ng)

Mass flow rate of carrier vapor (steam), 1b./hr.
Mass flow rate of material in vapor (ODCB), 1b./hr.

Molecular weight of carrier (steam), 18

Molecular weight of material (ODCB), 147

Total pressure, 760 mm

Partial pressure of material, assumed to be 0
X vap. press., 63 mm Hg

Vaporization efficiency, assume uhity

Wa 18 760 '
B ) () [:’9(63)

Wa 1.52 1b. Steam '
g 5. 0PCB

]

i

Typical Breaching Slurry Composition

.9

Mole %

Gallons Lb. Moles {Approx. )
Water 1,082 9,050 503 98
"Staybelite 12% 91
ODCB 46.5 507 3.45 0.7
CPC . 96 1,200
NaOH _2.5(50%) - 32(50%) 0.4

1,239 10,870

*Solid - estimated.

1.

Steam for ODCB Removal

1.52 {507) = 770 Lb.

Heating Requirement

Heat 10,870 1b. slurry from 60°F. to 210°F.

Assume Cp = 1 BTU/Lb, °F.
MCp AT

(10,870} (1) {(210-60)
(10,870) (1) (150)
1,630,000 BTU

i

OO OO
i

i
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IV, DISCUSSION (Cont'd)
B. Heating Requirement {Cont'd)

1. Stean for ODCB Removal (Cont'd)

Qib. = 1,630,000 BTY
10,870 1b. slurry

Up, = 150 BTU __
Lb. Slurry

{Lb. Steémg i

10,870 Lbs. Slurr
(150 BIU/Lb. Slurry) . 51

1.345 Lb. Steam
Gallon SIOrTy

Total Heating Steam = (1,239 gal.) (1, 345 Lb. Steam ) _
al.siurry

1,661 Lb. Stean
2. QDCB Vaporization Steam Requirement

Latent Heat of Vaporization ODCB = 140 BTU/lb. - DG 14.1A

Qvap, = 140 BTU/Lb. ODCB = 0.14% Ib. Steam
1b. 880 BTU eam To. ODCB

Qrot., = {507)(0.143) = 72.5 Lb. Steam

3. Summary of Steam Requirement

1b. Steam
Heating 1,661
ODCB Vaporization | 73
Distillation 770
Total 2,504 Lb.

Add 15% for heat loss
1.15 (2504) = 2,880 Lb. Steam

2,880 Ib., Steam - 2 b Steam

Egi. Slurry

C. Semi-Works Testing

A semi-works scale unit as shown in Figure 1 was
assenbled. Test results indicated a steam requirement
of ebout twice theoretical is required to achieve satis-
factory removal of ODCB. A steam to slurry ratio of

5 1b. steam per gallon of slurry is recommended for
design purposes.

DUP050027568




IV. DISCUSSION {Cont'd)

D. Cyeclone

A cyclone was provided to separate the ODCB-free
slurry from the vapor strean. .

Design of semi-works still cyclone was not entirely
in accordance with Design Standard DG2,2D because
required pipe sizeé was unavailable. ILab cyclone re-

- entrained slurry at exit vapor velocities (Section
dimension e of DG2.2D) of 10 ft./sec. If cyclone had
been fabricated as outlined in DG2.2D, exili velocity
would have been 4 ft./sec. and no re-entrainment would
‘have occurred. Slurry/steam ratio at cyclone corresponds
to 5-6 gal./1,000 £t3. A specilal spray separator with
& conleal bottom in accordance wilth DG2.2D is recommended.

E. ODCB Removal Efficiency - Blue B

Tests were conducted under various operating condi-
tions to determine optimum for removal of ODCB. Steam
to feed ratio was found to be the most effective variable.
Below a-ratio of 4 1b. steam/gal. slurry, the percentage
~removal of ODCB begins to fall off rapidly with slurry
at room temperature. The effect of velocity has some
influence, higher velocity-better removal, but the
effect is much less significant than steam to feed
ratio. At higher slurry temperatures, a lower steam
ratio can be tolerated,

F. System Opergbility

In all cases, the semi-works still operated well.
Most problems experienced were associated with the
steam supply and not the still operation. The exclu-
sion of air apparently prevents the formation of foam
which was at no time evident in any of the tests.

G. System Exegsure Drop

Estimating pressure drop in a system containing two
phases is difficult and in most cases accurate only to
within + 304. Provisions were made to measure pressure
drop under design conditions in semi-works. Results
are shown in Figure 2. The pressure drop in the steam-
slurry transfer pipe is expected to be 8.8 1lb./sg.in./
100 ft. pipe at proposed design conditions of 50 £t./
sec. veloclity.

H. Analysis of ODCB Removal - Blue B

To determine the effectiveness of ODCB removal, the
material processed was placed in a flask and vigorously
distilled in the lab. The vapors were condensed and the
volume of ODCB remaining measured. By material balance

DUP050027569




iv.

“Be

DISCUSSION {Cont'd)

H.

Analysis of ODCB Removal - Blue B {Cont'd)

the pércentage removal was calculated, This does _
not take into account the ODCB that cannot be removed
by distillation.

Other Uses

: Considerable effort has been put forth to improve
guality of dispersion milled blue products. Some
thought has been voiced that extended contact with
perclene in the plant extractlon tank was causing
crystal growth. If this 1s the case, a flash still
can also be used to heat the wetted blue mill powder
(ground alum and CPC mixture) and remove the perclene
rapidly, Several tests were conducted that indicated
a gtandard product could be made in this fashion.

Quailty - Blue B

The effect of breaching varlables was studied using
the stlll as a tool to rapidly remove the ODCB. Effects
of temperature, breaching time and ODCB/Pigment ratio
were studied and are shown in Figures 3-8 and Table 3.

A significant improvement in masstone can be achieved
by redueing the ODCB-Pigment contact time. The effect
of these variables is also shown on 5-15 cut soft vinyl
in Table 3.

»Quélity}e Green G

The development of a flash distillation process made
possible close control of solvent contact time by rapid
removal of ODCB. A series of tests were conducted to
determine the effect of ODCB/Pigment ratio, solvent
contact time and temperature on tinctorial properties
of Green G as the process would relate to plant scale
flash distillation.

~ Two levels of solvent were used at various contact
times and temperatures. The Solvent/Pigment ratios
studied were 1.2 {current plant standard) and 0.5.
No significant difference was noted in guallty by rubout
between the two levels. The results are shown in
Figures 9-12. Figures 1 and 2 show the temperature as
the most effective variable affecting strength and mass-
tone over the levels of ODCB examined. The solvent’
concentration does serve to reduce the time and tempera-
ture somewhat but not to a major degree. Hence, the

~lower solvent concentration is more desirable since it

can be removed at a higher rate in a continuous dis-
tillation and would be an advantage in cycle time.

DUP050027570
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Iv. DISCUSSION (Conttd)
K. guality - Green G (Cont'd)

Figures 11 and 12 show the effect of contact time.
Figure 11 shows & gradual decline in masstone darkness
and transparency of about 10 points over a period of
3 hours while the tinting strength was not affected.
Figure 4 shows the effect at a higher level of ODCB
and again shows similar behavior. One additional
test was conducted at the higher ODCB level which
showed strength and desirable masstone properties
can be attained by holding at room temperature for
about 4 hours.

The flash stlll can be utilized to produce & pro-
duct of standard strength with a significantly darker,

more transparent masstone because of close control
of solvent-pigment contact time.

/me

DUPO050027571




B

3.
B~
]

D LHSIRONOD IO WlILe I __ m@

LU F LI A3 700 s /@
SO SE A TICON ~FTCNAONOD

TIXBHISIT L JHPTS FTor LVTA7O0S

FNOTIAD

S ERTT TINIT FZASNEIL

LTI @F7S

FAZEA TQRLINCD G7RL 7

EPLS LIZ S GNILXTOT - TLAA B

FATEA 7OXLKCD vl 2

\\QQL\Q)%Q‘
® A

ATlIPS Liyzes 2057 05 7 7 300720
u“\?\\“ avg S Y&\\\hmﬂw .\p\.Q VN

PILES  HSLT AO3MANS NOLLONDS vauy: 50 *sa7g

VLS [BE TS AAUgITTY7 T I7oc Mz +H ‘ON *ToHd

T Tonammes pmaps Houdvs D LNAWLMVAIG ONINFINIOND

NITND

DUPO050027572




£15.200504NQ

Heg 10 X 10 TO Y2 INCH 438 ¥325

T X 10 INCSLS
KEUFFEL & ESSER €O,

IR T

3




¥£5.420050dNA

X 1010 Va INCH 45 1328 °
18 INCHES
KZUFFEL & ESSER CO.

RIRLE % N

4




oo ooy

Soa e

"D HASST P VRIOBN

& VS Th NE 30K S3MONI 01 X £ W o ¥
< £ZEL S  HOMI Y OL Ol X 0} Serd

DUP050027575




9.8220050dNA

T

1
>

i - -
O X1OTD V7 iNCH 45 1323
X 10 IHTHES :
KRUTFEL & £5SER CO.

bt

ot




N

*

TOD HATER W MAANIR

TSR RS JRVH

T¥EL ¥

SIHONT Ot X L TF
HONI 3 OL O) X O 5™

XY
g3

DUPD50027577




o

REEELRTIELE

ey

MOME

HERT R VHAANAN
HEXDLE O X L
QL 0§ X 0L

DUP050027578




6.9.200504dN0A

10X 10 7O V2 InCH 45 {323
T X 10 NG EY CABE IR U 5 A .

£l & TRSER CO.

iREaR

g

2

57\4

7
y + : }+
% T t T T+ re % > : + T
+ - 1 T R 58 % o3t . v O B : - £
&) ¥ : : T T : i i ~ ; H Pt PN Y : o4
E N 3 { L + I. gt T b i i i F A L) 0 A0 s I 13T 1 BN REE N
f A i 1l LR P ' LA L P i 4 RN i ettt adeberk E S T WL e I




4% 1325 .

%50% N OS5,

10 YO Y 1MCx
© INTHED
KEUFFEL & E$SER cO,

5~

[S33 sing ok

L
i

MY

B B 4

Py

G a4 <
. ¢apoiond

>

%

T

wela b
%7 ey

L
RESEN

T

E

T

=t

o

pore Sen e

Ny
.

Tt

oy

Ehpay g e
v
e
RS

H
e 4 LT
: i pyaay
bi H
Sieqietine
S PRERS
o=
&
; h H
T .m
. .A !.
i ! H
H [ 34
T
LIt

DUP050027580




46 i323°
SR, .

RAVEWW G,

7 %10 INCHES

%{ g 10 X 10 70 V2 INCH

KEZUFFEL & ESSER CO.

T
1
T

Y

3
T

oz

premese! 41

a4

1_
sa)
.0}
t-4-1-1 -
TITEE

DUP050027581




286.20050d4NAd

Ko 19 X 10 1O Ya incH 45 332%
g‘f; 7 X 10 INCHES BABLAN U Sod 3
KEUFFEL & E5SER €O,

3

goure WAL
o, %

{
(RRE N
i




T

+y]

L 6

b ] 4rde b

‘0D MESET ¥ IRIA02N
MR SIHINI. O X &
JEEEL S HOMI N OLOIXOL

el

DUP050027583




‘ggud puooes U0 TVTJIS}VW g Uy i

26 <10 €°ge %9 18 T 202 0T
66 got70 Gge 5°01 it gt - foT 6
I CHi'0 G4 2l 02 THE GAT g

, 68 €40 G4 L€ , o2 22T . BEE p)
= 486 Tt G %€ 8°6 | Gz | 691 | 79T 9

56 010 G* € - 2z HET - g

96 10 09z S' 6t att - dge o
%001 02T°0 02t BNt S €z - BiT GOt €
<6 G2t . GU0f 0% 2z g1 S 2

86 T anld G0E LG .. g2 64T €42 T

D NN /A 1+ IR S - A A

Vihvh LN Saa N TLias Hav Ll

T FLEYL,

DUP050027584




«20=

TABLE 2

B

Tneoretical Steam Requirement for ODCB Stesm Distillation

Vepor Pressures per DGIDA

' VP Ba0
T°C VP HeO mm Hy VP ODCBE wmm Hp Total Press mm He VP OOC

50 914' ) 6@2 1@012 15915
80 150 11 161 13.62
70 230 19 2ig 12,10
5 300 22 322 13.65

0 360 28 388 12.85
85 i20 6 556 11.68
S0 520 3 . 563 12,10
95 625 - 50 - 875 12.50
100% 760 63 823 12,10
105 S00 7 977 11.70
110 1,100 92 1,102 12,00
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