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INTROSUCTION »
3

a process for preparing high purity 2,4-D was startad in May 1877 X
az 243 3¢ilding. The high purity molcan acid is transferred by pipe- gg
line Zrzm 948 Buildiag to 489 Building where it is formulatad into _&
asters and watar soluble amine salts. Startiang in lata Octobex 1977, ;j
pracipitatss were observed regularly in diluted amines formulations <

that were found to be made up of a number of impurities associated
with the process but that were never detacted during laboratory or
pilot plant develocment work. 1In addition, these impurities were not
found in the old 489 Building 2,4-D procass. R. McLachlanl
analyzed the precipitates and found 1,3,6,8~tetrachloroxanthone

(I: TCX), 1,1'3,3'6,6'8,8"-octachloro~9,9 '-spivrebixanthene (II: ocsx) .,

and marsinally soluble salts of 2,4-D.

Cl cl cl cl
I08©
cl A ¢l cl €l
' /
° ! ¢l
(1)
0
l cl
(II)
\d
A scr2ening program in the plant showed TCX at levels of 200-500 ppm

in the crude rcaction mass, the recycle

soluticr, and in the final product. Levels of 1000-2000 ppm werg;found

in the solvent and as much as 10% in the
geill tcars.

‘
MCLJChlJnl analyzaed a sample of still tars and his results are

summarizad ia Table .

. O__'g

i £
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Tazlz 1: An Analysis of Cne Tar sSamcle

ADDroximate

trosTiza Parcantace coament
60% Main Cemgcnent
25% From & heat exchancer
leak (Dowthern J)
pca 0.5% raw material
2, 4-D 0.0L1% Product
TCX (3 L.5%
ocsx (ZI) 1.1%
Dichlc-cphenyl-
éichlc:ovinyl ethex 1.2%
Rxn product
Dichlexrophenyl-
trxichlorovinyl ether 0.8%
Plus:

at least eleven other minor components structurally similar to the
above. See Ref, 1 for details.

.y



A prcCect was started to study the formaticn of TCX and OCSX in some
darn2:’ t2 learn mere about their formaticn and fate in the procass
beczoza ic 1s ncet Ocvicus how thaev ara mads., Several mentis alsaz
star=ing tihls scudv, another significant impuxity was found in the
prsducs and, to & lagser extant, in the tars. It was identified

OCY -4~ 0C/78=8%

o
Q
<=
<
oo

-3

as (ZZZ: "8~3") 2,2',4,4',S',7,7‘,9—0c:achloros;iro-(benzofurs(3,2-b){:ﬁ

banzozwran-11,9'-xanthene) .

Cl

a
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Imoor=-ant Side Reacctions

ClCHZCSZHa + NaQH ——— HOCHzcozNa + Nacl

Glvcaliec Acid

2@ + ClZCHCOZNa —_> |Cl @ — CHCO oNa  + 2yacl

"Bis 2 » 4-0"

The reaction i3 perlormed in two stages by first reacting 2.2 moles
of DC? with 1.2 moles of caustic (added as 50% NaOH) to form a
soluticon of NapCP in DCP.

High purity 2,d-dichlorophenol (2,4-DCP} made by the chlorination of
phenol with sulfuryl chloride in the presence of Fecla/Di;henyl sullide
cacalyst i1s used with chlorcacetic acid (MCAA) made by the oxidatioen
of vinrlidine chloride to make 2,4-D as shown above. The typical

raw ma=z2rials analyses for each is shown in Table 2.

Table 2: Tvoical Raw Material Analvses for the 2,4-D Process

: v
DCP MCAA
2,6-0C? 0. 9% Dichloroacstic acid 0.¥
Other Chloro- ' Chloromaleic acid 0,058
oheanols v0.5% HZO <1.0%
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OPLLIZ Moy

A rapif initial screaning of the toxicity of purified TCX and

tars gave the following results.

Qral LDSO
(single dosa)

mar (contains
© 3-5% TCX + OCSX) >5g/Kg

Purifi=d TCX >49/Kg

Skin/Eve

slight trzansient
initiation. Chloracne
response after 10
applications of neat
tars. b

not irritating.,; Chler-
acne response aftex 10
applications of 1%
solution in CHCl,.

10 -1
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encouracing from a plane hycieue standgoint, but
sqa*; ragarding long term eflsge

L B O
udih

5. When the

suzizies ware fizsge discoversd in the plant, the
still was used vexv ocgasiconally

The still was originally added to the procass
as & o

way Of purging c¢ontaminants out of the stream to maintain hich
qualizy recycle solvent. At this point, tar impurities made up
60-753%

of the pracipitates formed in dilutad aminas formulations.

About February 1978, the capacity of the still was increased

and ‘the averace levels of TCX levels dropped to ~50 ppm in
he crude reacticn mass and prcduct and to 200-500 ppm in the recy-

Froem the pericd of March-May 1978, the ability to produce

qualizy 2,4-D continued to improve and the amount of tar im=-

purities found in the dilution test precipitates dropped

»

The balance were gparingly soluble matal salts of 2,4-D

and scme new impurities called Complex 1 and Complex 2, two of which
are shown below (IV & V).

cl cl

Cl Cl
)

QCH.CO.H
. ~ 2772

©/ OCH ,COH cL " cH O l
= O «

- OCH
cl 2 .
COZH
Iv v
E
In Jul- 1973, the still capacity was increased and

- - . o

aZlizoz 3 gained atc uncers

gqualizr by S. Siagel (OCR), S. Schell (P

reduction 489), and J. King
(Formuiaeion - 9001 DJldg)

-

M Og’

rAZAN I

tanding the parametars affacting formulacicn 12

A
and their So-wourhwsd> have yiwacly improved



thacansistancy with which 948 Bldg. 2,4-D c¢an ke fcrmulated. Basad
upcn zaruizicn coeflicients and data on the rate of formation @f TCX
£z = Ziszcuzsed latar in this razers, K. E. Fissg Trscess Engineening)
garnerz=ad a computar pregram which pradictad that by distilling

o razwcle the staady state level of TCX in the producs

would T2 ~10 psm and in the racycled perc the TCX level would be

a of this report is to present data on the formation and

-3
o g
(1]
f
a4
[§)
tr o

fata c¢Z the impurities in the 2,4-D process. In addition, the results
of evceriments aimed at reducing or eliminating the impurities by
la

hemiczl and physical methods will be presentad,

RESULTS AND DISCUSSION

Thiszs s=udy was divided into the following sections and the results of
yach are discussed separately.

(A) The meachanism of TCX formation.

(B) The distribution of TCX in the process.

(C) Re<uctcion of TCX by chemical means.

(D) ReZuctcicn of TCY by physical means.

2 there are many impuritiaegs formed in this process, it was
to f£ocus the research on TCX for several reasonsg: (1) The
2 anzZ mede of formation of TCX was the mest predicable of the

o
fuo
1t

major multicyclic impurities:; (2) it was a major impurity; (3) a
purs sa=cle was readily obtained (by D. Humbert, Anal. Lab): (4) the
analysis is not complicated: and: (5) structurally, it is the simplast

of the =ulticvclic impurities.

i

\ ) 13
019
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(A) The Mechanism of TCX Formaticn

/MOG

A briaZ search of the literature incliluding Chemical Abstracis shcowe
' ring systam is fozmed frcm a number of raactiex

-y by .

A commen svnthaszic raaction is sheown kelcew in which tae ~-X i3 includad

0 OH Q :
' X

1. MeOH/MeONa :
Cl V

>,
X 2. ¢conc sto4

44,092

to shew the orientation of reaction. Xanthene is formed aleng with

othar prcducts from the pyrolysis of c=-chlorobenzoic acid, saligvlic
acid, aspirin, o-phenoxybenzoic acid, and salts of the carboxylic
acids. Most of thase cyclizationg take placs in the presence of
acidic catalysts such as PZOS’ Alcl3, Acetic anhydride, or sulfuric
acid. Xanthone is prepared in reasonable yield6 by the pyrolysis of
_nenol salicylate with or without a catalyst.

.
.-

The ease of formatidﬁ of ring systems that are structurally similar
to xanthones 1s most clearly shown by the formation of fluorescein

and flucrescein dyes. Fluorescein’ is made by reaction of phthalic
anhvdzide and resorcinol as shown on the following paga.
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9 H 0
/
_//—}; -
e’ /
NN
o

GV 29T MOO

Phenolzhthalein® is also made by this process using phenol instead
of rasoxcinol.



OH
HZO
\V4
coéa CO<3
/O/CH-QH NaoOH > 2
O \
. 3 pOore
QH 0
colorless rad

cc/

~J
Q)

-8:3

arLLA% MOg

These backcround data give some important clues as to reaction mechanisws

as will be whown later in the report,.
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whizh

TCX. i2s

}l_

Table 3 summax

amgoules ( 25 ml capacity) wers charged wisr

in molar ratios as shown inTable 3 and werze
th fo 72 hours at 160°C. The scurces of tae
ollows:
2,4-D: High Purity Rhone=-2?rogil Acid
DC? : Doubly distilled 948 Bldg material
Parc :
NaOH S
Glyoxal : -

Glyoxylic acid : Reagent materials
Tetrachloroethane :

(50:50 1,1,2,2~ & 1,1,1,2-isomers)

-

17
0-14
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‘ .
Table 3: The Formation of TCX from Synthetic Mixtures Heated at
160° for 72 hrs.

18
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Saveral comscunds other than those fzound in the prcocess wera tasted.

The tawrachleroethane mixture is a kncwn contaminant {3 tne 941 Bldg.
crlcrzacenrlichlioride that 1s used to maxke MCAA. 2,5-Dicalazesalicriic
acid is a prooosed intarmediate from thae raacticns suggestad below:
0
Cl,C=CCl 8/0: 5  ercL
2 3 -
Meatal
O
OH (Wa) O ©
: @ | cl L\
Fl \155ﬂ + /JL\ Rear* OH
QO " a —
‘ L]
Cl 1

9

“he deccmposition of pere to yield phosgene is known® but the sacond

raaction is only speculated.

The glvoxylic acid is postulated to come from big 2,4-D as shown belcw:

O

0 c1 9
[ cul 220 b HE-COLH (Na)
4 = - ¢
QL 1 OH (Na) =t 2
cL ¢

which is a well known acetal hydrolysis. The glyoxal was include
to shcw the general pature Of the reaction whose mechanism is shQQESfad

later i1 this report.



Saveral tantative ccnclusions cin be macde frem the data in Table 3.

(a) 7TTH ca2n be made by several rcutas
aNaChE and/cr NapC? is necessaxy for the formation of TCX.
obis~2,4-D arpzaars to be a kev inuermediatas.
craerc is a sourge of TCX.

(&) Significant amounts of TCX are probably made only in the

-
-~

05492 moq

[{]

actor czude storage tank in the plant since strong base is
recuirad. Run 14 (Table 3) simulates tha Na 2,4-D storage
tank (V-501: 948 Bldg) and Run 1 (Table 3) simulates the
product storage tank (V-602: 948 Blég) in which no TCX was
cisarved.
In order to study the formation of TCX as a function of reaction
parazezars, a saries of 2,4-D reactions were performed in the lab-
oratocry. These reactions were run to evaluata the effect
' on tha amount and
rage ¢ TCX formation. The data are summarized in Table 4. 1In
these experiments, 1.1 mol of DCP was txsatad wth 0.6 mol of
caustic and the mixture was heated to 130°C. The majority of the
water that was formaed was boiled off. To this mixture, 0.5 mol of
NacH and 0.5 mol of MCAA were con-added during 1 hr at 130° and the
csude product was heated an additional 1 hr. Water was continuously
distilled out during the con add step. At this point the desired
number of ampoules were charged with 5-10 gms of crude reaction
mixture and were heated in oil baths at 130°, 145°, and/or 160° for

24, 43, and 72 hours. v

TN
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The cdz2z2 in Table 4 show a number of intarestiing points. It must
tada

o
t in view of the fact that thase data are based
cn garts-zar-nillicn chemistry, the praciszion must be subject to

some e-IIr. Thae data are ranrzduciblas to about 20%.

22
. 0- A
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meze Zxcila routs to TCY from pers whnese effacst is masked at the
ignar tamrteraturaes by a primarxy rcouts (compare Tatble 4, Runs 1 & 2

ané mons 3 & d) |

(C; Eifzc: of Atmosohera in the Reacsisr

Miwszgan blanzexing appears to lowex the TCYX level to A2/3 that ok-
garvac in &aix. It is not certain that this resuls is significant and
gince <he magnitucde of the drop was low, further work was not warrantasd.
1o in the vapor space throughout tie
cegsg, a run was macde to determine its effsct on TCX formation.

Since TCT., is known to bhe present
2,4=2 ==
Carzcn dicuide ccmes into the process frem the caustic and from pers

The rexction was run as described earlier with 20 molt of NaHCO3 added
before the boil down step and then blanketing the reaction mass witld

CO2
:emperature, nearly anhydrous process, the following reaction was
thoucgh= possible which could eventually lead to TCX (See Table 3,

duzing the pcst reaction heating step. Since this is a high

Runs 1= and 135).

ONa

_ ONa
Cl CO.Na
cl 2
+ co, NaOH . ‘[::]’
Cl

1

Csmpar.ng Runs 1 and 10 (Table 4) show that WaHCO, and/or CO, do b

not measurably affect the formation of TCX.

- | 0 -30
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(o) Cranoing NaDC?2/laMcaa Ratio

Camzarwnz Runs 1 and 7 (Taklz 4) shew that lowering whe NapC?/NaMCi:a

t1
ful
(4
i
<
(4]
wn
I
J)
)
}.‘-
)
t
(]
fu
1+
3
3
(51
14
n
[
¢}

es the TCH levels as was also pradicted

[" g Z. 4’.| ﬂ ;}- M ()(?

A rux was made using the old lower purity DQP from tka 349 Bldg procass
and assuce that 948 Bldg, high purity, DCP was not a source of TCX.
Run 6 shows that TCX formation is not associated with the source of DCP.

(F) Effact of Ferric Ion

Runs 11-14, Table 4, show that Fe+3 clearly increasas the rata of TCX

fornation which suggest that alkylation step(s) are invelved. D. Hulkers
.nd ccllaagues7 performed a matarial balance ¢of Fe in the following
gchanme.

NaOH{

VR

MCAA—————=y  Reactor

Racvele
Phenate

A\

/

Produce

. | D-2
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~Thev f£2und that most of the iron is entering the process in the caustic

. . . + .
and that the reactor normally contains 22 pem of Fe 3. A racurring

croblam for the past sevaral mcenths was how to explain the fact thas

-3nt cosarved TCH formation rates that wars § times craatar than

lrcn ragults explain at least part of this discraganc:

i
@st thac efisris aimed at removing iron frem the procass ars

Based upon the data prasented up to this pecint, the mechanism shewn in
Figure 1 fcr TCX formation is suggestad. This mechanism is consistant
with the oObservationsg of the efiact of caustic, tha fact that TCX can
be mace frim NaDCP? and glyoxal or glyoxylic acid and the levels of
bis-2,4-5. If this mechanism id correct, it is aeasy to see how perc
can inZluence TCX formation when one considers the possible hydrolysis
products using either NaOH or NaDCP. Some of these poss;bilities ara
shown in Figure 2 and many are known precursors to TCX.

'm addit=ion to TCX, OCSX and "8-~5" are known to be formed in measurzable
quantities during the reaction to 2,4-D. It was jnitially assumed that
TCY is the probakle precursor to 0CSX and "8-5". However, a saries
of amgcule experiments in which TCX was mixed with various ratios of
DC?, 2,+~D, NaOH, and perc showed none formed in detectable amounts.

In addi=icn, a reaction was run in the presence of 500 psm of added

Ci and gave nornmal levels of the impurities when the 500 ppm of addad
TCX 1s subtractad oyt. It is apparent that QCSX, "8~5", and TCX ara
prokably made by independent routes and proposed mechanisms are sacwn
in Figures 3 and (4.

0-2*
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Figuza 2 Scme of tha Pessible Prcduces cf tha Hydrolvsis of Per-
eanlomzacihvrlene wich HNaCHE or NalcC?z
)
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Figure 4 Precposed Mechanism £2r the Formation of "8-3" Bv a Routa
that i1s Indecendent of TCY
b Cl C'\
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The fzrmaticn of OCSY uses an intermediata in tae TCX mechanism

§ L=z star:ting materjal, The apparent fact that TCX is not

e activatad diavéroxs ketcne

necassary Icr alXkviazicn. The mechanisa for "8-3" forzation
aveolives a majer cocnmsinant in the Complex I and I mixture ag a
starcting material. Recent analytical resultslo have gshown
4100 290 gp3zm of tais mixture in the glocess. B prososed mechanism
fox the formation of Complex Acid I is saown in Figure 5. It
must ke empnasgized that the mechanisms shown in Figqures 3,4, and §
are sgeculations and are only one of a number of possibilities.
Much more work is necessary to prove their accuracy.

" vy

o

/

30
9->1



JLLOVG "'\!\\ )

L]
LY

l

O
i~

i ¥ 4

Proposed Mechanism for the Formation of the Major

Insurity in Complex I mixture (Comctound IV)
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Vas5ll: Final Prcducyt Storage Tank: Tasts run at 120-175° on E§
wet and drov 2,4—:)ll sacwad that thexs (s an inisial glow ;s
suild ug o apcut 20 pgm of TCY during the first 48 hrs ne
at >lad° that svabilizes cus. This succests a small CE
amount of an unstaple unknown sgecies that decompcsas :3.
in ac¢idic maedia. Melten 2,4-D can be tr-eatad for at gg

laast 100 hrs under the above conditicns without
affacting product perZormancs.

Since TCYX is formed in the raacter and was found throughout 948 Bldg
procass, & laboratory study of the digtribution was requestad. 1In

this exgeriment & reaciion wasg carried out and the crude reaction

mass was sSciked with TCX. The purification procass was then simu-

lated and the fate of the TCX was determined. Figure 6 summarizaes
the rasults of the extracticn study performed at 90°/atm.

.
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These c2ta shoW an excallent TCY reccvery in which, using clean perc,
all trne detzctable TCY is removed frzm che Na 2,4-D solution. The
facz thzst the plant czserves sceme TCY Lin tae preducs succests thas
scme encrained perc i3 carriad cverhead so that the lmguritias
carzial with it end in the producs. The extracilion of the parc/DC?
miMtuTa with cauystic to recever the Nabc? also extzacts about S%

of the TCX which is recycled to the rsac«wor. This scheme was
follcwed in a second experiment that was periormed at 125°/ 35 psig
which wmcre closaely follows the plant ¢onditions. Under thesa con-
disicns the agueous solutions can he more concentzated in Na 2,4-D,
NaCl, and DCP which could afZect the distribution of TCX.

A hich rressure, mechanically stirrad glass reactor was constructed
and was charged with partially neutralized material from V-301

(the DC? neutralizer). The molten matarial was extractad six times
with gerc at 1235°C and the molten 2,4-D was isolated., The TCX

and "8-3" levels were monitorad throughout and tha analytical results
Tor tie products are summarized in Table 5§ for the two runs. The
data shcw that TCY 1s effectively ramoved at the mora drastic condi-
tions.

Tabkle S: The Analysis of the Product from the High Temperatuxe
Extraction ¢f Crude Na 2,4«D with Clean Perchlorcethylene

TCY (pom) "8-5" (pom) | Mecals (popm)
Run | init | final | init | final | wal re | calme
1 292 13 54 52 ga| S5 | 4013 |
178 2 N.D. 25 s1] 3 | so|1ls v

I[- iz inceresting to note that "8-3" is not efficiently removed with
pers exzraction. Hence most of what is made goes out with the ,;

preducz. OCSK was not detectad in these samcles.

33



In summarcyw, TCX ig fermed in the reactcr and most of it remainas in

MOQqg

the recisculating perchloroetihylene system. A certain amount of

TCY szills inzo the p::duct and trhe macgnisude is dirscely related

ts tha lavel in the per TZX is easilv seraratad by disctillatien te
in the ferc still sO by incraasing the rats of disc llaticn one S}
would acziigve a lower steady sctate concantraticn of TCX in the pere. Eg-

=

ASSuml.g a rata of TCX formaticn of 0.5-1.0 #/hr in the plant

4 has taken

(baseﬂ ugon analysee of plant samplaes) K. E. First
distribution czefiicient data and has meodeled the process in terms

of TCX ccntent in various streams as a function of 'y of perc distilled
in the perc stcill. To date, there is not encugh in-plant data

to'verl-y this mocel.

o
(C) Reduc+=icn of TCX bv Chemical Means N

Twa ap;—caches for chemical reduction of TCX were gtudied. These were
methods for inhibiting its formation during the reaction step and
metiods for reducing it from process streams. The following appreoaches
were stucdied and each will be discussaed in detail.

1, Changing NaDC?/NaMCAA ratio,
2. Pogt reaction neutralization.
3 Effa22sc of DCAA.

4 Blezching Na 2,4-D solutions.

(1) Chanaing NapCP/NaMCAA ratio

Excess caustic or NaDCP was shown earlier to have a significant
qualitative effaect on the increased production of TCX. The 2,4- D
reaction as developed by H. Bx:usstl’2 usad a ratio of NaDCP/NaMCAA =
1.2. As described earlier in the discussion, at this ratic the
preducst contains theoretically ~6.3 mole % excess alkalinity as NaDC®
as shown on the followving page.

34
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Skta Mae'l Produce
0.9 mel DCP 0.5 mol DCP
0.6 mcl NadClP w=———> 0.1 ml apce
0.8 =1 NaMcan 0.5 mol Na 2.4-D
5 mol Nacl
. 13 14 - - . .
Dhlqg:a and Fear evaluatad the effacs of thig ratio on the

yield and kinetics of this reaction and concluded: (a) lower ratics
(below 1.2 lead to lower yields based on MCAA and, (bh) low Hzo in
solution gives higher 2,4-D yields. The effect of changing the
NaDCP/NaMCAA was restudied in order to determine if the lower yield

from MCAA ccould be justified by reduced TCX formatica due to lass
axcags causcic.

The runs were carriaed out by using a constant amount of NaMCAA and
varying the amounts of NaDCP which was dona by adding diffaring
amounts of caustic in the initial boil down step. Tables 6 and 7

and Figure 7 summarizes the results of this study. Thesae data show
that lowering the ratio from 1.2 to 1.l results in a ‘two fold
reduction of TCX along with a 1% loss in MCAA yield. This is reason-
able and was tested in the plant. Aftar thrae weeks of operation,
thev did not note a measurable reduction for reasons that are not
undexstcod at this time. Any further reduction is not practical
sinca the yield rapidly approaches that of the old plant thereby
losing much of the advantage of the 948 Bldg process. It is inte-
resting to note that at ratios below 1.0 there ig still a measurable
amount Of NaDCP which explains why formation of TCX is still obsekrved.
All of the data to date indicate thact formation of TCX cannot be
limited to much less than 60 ppm (in the standard 72 hr/160°C ampoule
test) .,
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TABLE 6

EFFECT OF NaDCP/NaMCAA RATIO ON TCX FORMATION & YIELD ON MCAR

O/ !

' Mol Ratio CRUDE ANALYSIS
Moles NaDCP ppm | MCAA
__Rull REF DCP NapCP NaMCAA NaMCAA HOG YIELD Na 2,4-D nDce NaDCP |
1 {OC 417-5-143] 0.50 0.60 0.50 1.2 951 - 96.4% 45.4 31.2 8.9
2 |OC 417-5-144) 0.55 0.55 0.50 1.1 1514 94.2 45.5 38.0 6.0
.3 |oC 417-5-146] 0.60 0.50 0.50 1.0 jsns 86.8 41.3 40.13 2.2
4§ |0C 640-1-1 0.61 0.49 0.50 0.98 3606 86.2 43.0 41.7 2.5
o—_ .
W
x> MOq
f].r”.u{.ﬂtj-
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TABLE 7

NanCp

THE RATE OF TCX FORMATION AS A FUNCTION OF TIME, TEMPERATIIRE & HAaliCAA RATIO

TCX/0CSX

RUN REF ’ TEMP 18 URS 42 HRS 66 HRS 134 uMRS
1 417-5-143 130 _— - _— 19 53
145 37 34 70 218
160 29 86 118/107 240

18 © 42 66 114 Urs
2 417-5-144 130 0 19 33 52
145 27 39 64 93
160 42 74 93 142

_3%0 lixs
3 417-5-146 130 <10 <10 15 30
145 15 20 a1 59
160 29 47 55 67

_ 90 urs
4 640-1 130 17 28 22 18
145 23 31 34 52
160 36 61 65 77

LE

Fe- G
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F. G. asarszan suggastad that i the rzactsr crude wers immediataly

z=azad with encucgh acid to neutralize the NaCC? afsar the pest
reaciisn before transier to the r2acicy storage tank (V-202), TCX
fcrmatizn might ke greatly reducad. Thais concept was testad using
32% ECL, and dxy and wet 2,4-D as the neutralizing acid. The first
exzerizent usad enough dry 2,4-D to completaly neutralize the residual
NaDC?. The neutralized crude showed 1.4% NaDCP and a rate of TCX
formaticn as shown below that is consistent with the data shown in
Tables 6 & 7.

pom TCX
Temo 24 hr 48 hr - 72 hr
160° 24 Sy 62

The usa of wet, molten 2,4~D ( 25% H,0 or 32% aqueous HC1l has some
sarious phvsical handling problems.

Ag was ciscussad in an earlier reportls, water added to 2,4-D raiges
the f-ezezing rpoint of the mass ¢reating a material similar to cottage
cheese in consistency. 1In addition, the adéed salts (either Na 2,4-D
or MaCll also raisad the freezing point of the reactsr batch from a
range ¢ 1132-120°C to l1ll1l8-125°C.

factor of four, it offars several disadvantages:

(a) it would add at least 30 min - 1 hr to the reaction cycle inva
plant already reactor limited near capacity operation.

(b) Additicn 0f acid could cause corrosion problems in the Incahgy

800 dezancer

(c) The pessibility of pracipitatas forming in ‘the reactor would pus ex-
cassive strzss5@s on the agitacor. Their formacion csuld not be avoi%§§

P3¢



' o CC/78-33

in the labcratory even by very slowing addiac the agueaus acid.

(¢} Czrmuzzl cZ the acid additicn w lt and, in acddisizcrn,

£ 3
1<)

c d ca
the zlant wcould have te run a slichtly smaliler batch size in order
to provide rocom £or the acid. Fursher work on this concept is net

warrancad as this time.

(3) DBCAA Contant of MCAA

The eZfacs of DCAA was discussed earlier.

(4) BlLeachinc Na 2.4-D Solutions

The majcr chemical diffarence between 943 Bldg and 489 Bldé tachnigues
for prccessing csude 2,4-D is that 489 Bldg uses a bleach step in
which residual DCP is oxidizad out of the Na 2,4~D soclution with

8-12% NaOCl at pH 10.5/100°C. Sevaeral experiments wera parformed

to deta2rmine 1f bleach would eflect the impurity levels and/or

imprcve the ability of the plant to consistently produce 2,4~D that
passes the formulation dilution test. The results of these experimenes
are shcwn in Table 8.

racsults of the first experiment appeared very encouraging since
e dilution tast solids, the TCY and the "8~53" wera all significantly

T 3
o
(1)

53

duced. The saecond saries of runs showed a consistent improvement

"
W

u
n dilution test sollds when near or out of spec, but not much eflect
4

[

on the impurities. A capital estimate performed by K. E. First
showed the cost of implementing a bleach step in 2,4-D to be §$500. M
which lmmeciately eliminatad any further interest in this project
in view of the marginal benefits. It is assumed, posthumously, that
the main effact of the bleach was to reduce residual DGP which is

a kncwn ccocntributQr to poaor dilution tast results,

‘ 40
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able 8: The Treatmant of Na 2,4-D Solutions with Bleach

Mol Ratio ml selids Inpusicies (z:=
Na 2,+4-2 Solucien ol Naocl
SouTze Na 2,4=-D oMa-d4 | F-40 TCX CCs¥ "8~
. l
V-331 (5-7-78) starting material ——— 0.18 58 N.D. 127
948 Bldsz. 10.5 0.1 —— 0.02 28 N.D. N.C
v-301 (6-5-78) gtarcing material 0.0l TR 80 N.D. 31
943 Blds 10.5 0.1 TR TR 83 " 10
10.5 0.2 TR TR 85 " 23
10.5 0.08 —~— ——— 104 " 23
10-5 001 - o= - - on - 94 " 16
5 0.1 -—— - 72 " 47
?
.
-
o
o
~I
-1
~3
P
\
K

41
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“2ge has besn reached in 948 Bldg. where the 2,4-D
in-szez macarial ané heas

moa

Lty to run at near capacity of 100-129 Mz/dav.
With tRe gers still running at ~lS G3M, the 2,4-D precéucs contains
A20 g o TCY and ~20 pom of "g8-3".,

aLLLac

A numzasrof actzmpts have been made to see if the levels of TCX
¢an be raduced by physical means that includa:

1. Cazxbon trz2atment of the recycling perc and tha molten 2,4-D.

2. Removing pexc from the reaction stap.

3. Im=groved washing of the molten 2,4-D.

4. Recxystallization of Na 2,4-D and recrystallization of 2,4-D acid.

The details of aach alternative are discussed below. 1In all cases,
these experimentsg were short term, range finding efforts and not
comgrehensive, Further work is justified only if the levels of im-
puritias presently found in the product prove unacceptable in the
future fzcom a toxicity, environmental, or performance standpoint.

(1) Ramoval of TCX with Activated Carbon

The razoval of TCX with activated carbon from perchloreetihylene

from V~-402 ("clean" perc storage tank) was evaluated by & standard
isotherm method. A 100 ml portion of perc was treated with ground
Pitrsburg SGL carbon at 70°C/72 hrs. The data, summarized in Table 9,

werae evaluated by a known techniquelS

that is summarized helow. W
plot was made of X/M vs. C on log-log paper as shown in Figure S.
By extraroling C to {incoming TCX concantration, the co:respcnd¢§q
X/i value gives the amount of impurity absorted per unit weighc'of
carben when that carbon is in equilibrium with the incoming concen=

traticn and rapresents the ultimace capacity of the c¢arbon. The

42
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trecracical volume of liguid tc be completaly freed by TCX/gzem of
. cazzan is czlculased  frem the follewing ezuaticn:
X X
3 v, - <ﬁ7Cc
3 Co co v
—~

Vey = theoratical volumn to be treatad

(é. = capacity/gm at iancoming concentration

V = velume of licuid used in tast
Co = incomiag concentration

For this exceriment:

Voo = 392 X 100 = 166 ml/g of Carbon

or 19.9 gal of perc/# C
or 265 # perc/# C

Cartecn loading at 241 pem of TCX in fead = 166 ml/g C x 1.6 g ml x .00324 ¢
64 mg/gC

- e
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o8
ol
Tabla ©@: The Absorgtion Isotherm for TCX Removal from Perchloro- ~3
eciylene with Pilctsburg SGL Activated Carken :‘3
— .
(M) (<) (X) (X/M) .
Resgid pem TCX '
| Tmpurity (ppm) WTC/100ml|2om pom TCX removed .
! Samgle TCX I QCs¥ "g-9' Perc TCX Removaed gm Carsen
STG.
Mat'l 241 N.D. 19 0 241 0 - -
1 139 " 0.25 159 82 328
2 108 . 0.50 |108 133 265
3 37 " 17 1.00 87 184 184
4 40 " 1.50 40 201 134
’ 5 29 " 17 2.00 29 212 106
i
|
A )
e

44
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\

e

Tais is a low loading level and at the present rates of TCX pro-
duszisn In the plane, about 15-20 4 of car4en per hour would be

~sirad tc ramcove the impuritv. he data shown in Takle 9 indicas

oo MOa-

(
e

that ¢2r:cn dces not remcve "§-3" frocm perc. The shape of the
isotierm curve indicateg that more than one species is being ab-

VLl

sorted onto the c¢arbon. No effort was made to determine the
identity of that compound although it was probably perc.

A run was made to ramove impurities from wet moltan 2,4-D. Since
molten 2,-D is so difficult to handle at atmospheric pressure,

prassuriced system was built using a capillary faeder for controlling

the csntinucus flow of molten 2,4-D at 100°/2S psig onto a vertical

2' x 0.5" column that was maintained liquid full. The flow rate
was 10 ml/min down the column for a mass flux of ~1.0 gpm/ft.2
The resultes ara aummarized in Table 10.

Takble 10: The Treatient of Molten 2,4-D with Activated Carbon

Approx| Approx. Product Analysis (ppm) X
faed -Prod. cut . F-40~
aple Tamp Prassure rate volume solids

) (°C) nsig ml/hr (ml) TCX 0CsSX "g-5" (ml)

®
.

1i2 42 N.D. 32 L0058
10%2) 33%2 300 100 - - -

110 13 600 375 14 N.D. 29 .04
110 33 600 375 28 N.D. 38 .003
110 33 600 376 32 N.D. 42 .
110 33 600 37% 30 N.D. 36

oraulaticn cosntains 2% Versene & 0% PG 4000

sge data are fairly crxude in that the column was shorter than is desirable
optimum column work (2' vs the recommended 5-5'8) and the flow through .
» column was a little faster than the more desirabla 0.5 gpm/§t2 recommendac.
46
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show that TCX loading is rather 1l¢

S

. Breaxthrcough cccurrsed

masysasg, the S53.9 gm of Pitssbury SGL 8 x 30 granular carten

T a
aZzac 200 ml moltes D (~A93%g pure 2,4=D) was t=Zeated. Fr-em the
a
¢harzsZ to thes cclumn absorbed 281 me of TCX for a loadiag of

% cazten which is guite lew. Again, "8-~3" was not
abgorted by the cazbon., Based ugen thase preliminary experiments,
carton abscrption of these impurities is not an attractive puri-

ficagicn technicgue.

(2) Remcove Perchlorocethvlene From the Reactor

Since perc is known to give rise to TCX, severxal methods were

examined to eliminate its recycle to the reactor. At present, since
perc is soluble to 1.2% in the recycle NaDC? solution, there are about
3503 raturaing to the reactor in each bateh. S$Since a continuocus perc-
phenate phase separation i{s performed in V=40l just before recycle to
the reactor, a brief study wag undexiaken to evaluate the phase
separation to determine the time raguired for complete layer separation
and the solubility of perc in NaDC? solution.

A sclcozion of 62% NabCP and 2% NaOH in water was slurried with an
excess Qf perc and vigorously stirred for 30 min at 75°. The stirring
was stczped and the phenate layer was analyzed for \ perc as a function
of tize. The results are summarized in Table 1l1. These dats shew thas
the sclubility of perc in NaDCP is 1.3:0.1% at 75°C and that laver
separation 13 complete within 1S5 minutas. The residence time in V-40l
is “40 minutes so that with proper coperation, no layver separation
problems should result., The question was also asked 1f the perciwas
entriized in the NaDCP solution as an emulsion or wag it in solution?

A samc.e was centrifuged at 60° (minimum temperature) for 30 miﬁ at
~4000 ©zm and 1.2% perc was found in the phenata. It is concluded that
the prasant equipment gives optimum layer separation and the 1.2% of
perc is soluble.

\ 47
P-4



0C/73-853

Takle 12: The Solubility ané Separation Ratz of Percihlorcetihylene
and 62% NaDC? in Water at 732C

24

*Time zaro i3 whan the

hr

vigorous

§ Perc in
Phenate Laver

1.9
1.3
1.4
1.5
1.4
1.4
1.2
1.3

stirring of the two lavers is stopped.

82LLO4  MOdQ
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frcm the NapC? solution. The plant tried to stsip perc fxcm the

ze22222n m2ss during the nermal beil down sta2z. Wherass noxmal
cgarzticn iavelves retuzaing the distilled oxgyanic layer to the
rgacecx, in this experimant the reccoverad organic layer was discarded.

Whera2s npormal boll dewn raturans 350% of DC2? t2 the raacsesr, in
grinent even aftsr 4000% of DCP was distilled ofs, thera
1l detactable perc in the distillata. As a result, this

e was judgad impractical. Twe attampts were made to distill
the 1.3% of perc from the 60% NaDCP-2% NaOH solution.

The fizst involved a batch digtillation from a standard solution

frea V-403. A total of 63.9 gms were distilled out and 73.8% of

the perc was ramoved. The rsagtion was then carried out as

usual and samples ware heated for 24, 48, and 72 hrs and the

results are summarized below. These data suggest that distillation

of 753 of the perc does not reducs TCX formation (See Table 4, Runs 4&5).

Temo 24 hrs 48 hr =~ 72 hrs
pcm TC: W 21 95 145

The seccond approach taken for stripping out perc was using a falling
fiiz scill. The rasults of two exgeriments are shown in Table 12.

The rasults show that, ag before, 70-80% of the perc is easily removed
but thact tre last 20% is likely to be quite difficult. No more work
is planned in this area until it c¢an be better proven that removing

perc ofiars any real advantage in reducing rates of TCX formation.
N

(3) Imoroved Washinag of 2,4-D Acid 3

Several exgariments were run to see if improved washing would afZecs
imguzizy levels in the 2,4-D producz. A sample of 2,4-D product was

Ky

taken fzcm V=802 (248 Bldg) and was treatad in the following ways:

, 49

-1

(2) A 250 gm sample of molten acid was washed 3 times with 290 =2
or watar per wash at log°cC. D'J'L(o

-
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TABLZ 12
Praliminazy Cata for Falling Film Distillation of Pexrc Fraom NaDC? Solu<sizn
gell: 1" % 12" Tuke
o
2
Praessucz Run_1 Run 2 o -
Temp (col'm) l120° ATM., :j
"o Zeed ° o ~3
( ) 78 75 &
=
Fesd Raze (ave.) 10 ml/min ' 10 ml/min
Overhesd Tamd 85°~> 90° 909 —> 959
Fead analysis )
t Perc 1.0 1.1
$ £C? §1.5 50.1
Wt. Charged (Fe=d) 725 gms 738 gms
Preducs: Wt 632 gms " 645 gms
§ Paczc Cc.3% 0.2%
¥t CC? 33.9% 6L.6%
Overheal: Wt 46.7 gms 75.0 gms
t Per:z 1.5% 3.3%

e
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Anctnar sample was rezacidified to pH 0.5 with ¢cne HCL anc
rewasned 2 timas with watar at 1l0Q°C.

(2

s synthetic V~-301 mixiure was made up usizg Rhene Pxsgil
2,4-D t2 determine if any impurities are made is the washiag
step. The synthetic mixture was acidified and washes ané the
2,4-D was racovered for analysis. This experiment was

eatad in the preseance of 2750 pom of acded TCIH.

182.L9NM0OA

The ra2sults of these exgeriments are shown in Table 13. Based ugoen
these experiments, it is shcwn that the impurities ara not made or
reduced by improved washing. If anything, they are slightly incrsasad
in tXe product due to the greatar solubilitv of 2,4-D in the hot water
or brine. :

(&) Recrystallization of Na 2,4-D and 2,4-D Acid

An atta2mpt was made to determine if the impurities could be remecved
by reczystallization of Na 2,4-D from water and 2,4-D acid from
organic solvents., Na 2,4-D was recrystallized by taking 500 gms of -
materiszl from V-501 and adding enough water (350 ml) to form a homo-
genecus solution at 100°C. The solution was cooled and the precipi-~
taged Na 2,4-D was filtered and washed with 5% brine. The Na 2,4-~D
was recissolved in hot watexr and the 2,4-D was isolatzed arnd analyzed.
The results are shown in Table 14.

In twc separate experiments, 2,4-D from V-602 was recrystallized frcm
perchicroethylene and ethylbeﬁzene. A weight ratio of 3 parts salvent
to 1 paxrt 2,4-D was heated to boiling, the water contained in the

2,4-D2 was boiled out as an azetrope (the organic di stil}ace was
tur=ad) and the scolution was cooled. The 2,4-D was reccvered by
tra=ion and the solvent removed by heating in a vacuum oven at
A60°C. The results are summarized in Table 14.

51
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of Impurities

-48- 0C/78-33

The Effact of Imprcoved Washing ¢Z Molten 2,4-D cn Lavels

Mater—z2xl

Imsurities

TCX | QCSX "g-§"

V-602 Starting Mat'l
Wash thres timas
Reacidifv, wagsh two timas

Synthe=i¢ V-501 Na 2,4-D:
NacCl
DCP

Afvar Acidif, & Wash

Raepeat the synthetic Vv-501
spiked with 2750 pom TCX

& wash

p 2
L)
it
[{]
It
J2
0
B2
.
)
[ 2

21.5%
7.08%
0.2%

S6 N.D. 53
73 N.D. 64
96 34 68

N.D. N.D. N'D.

3150 N-DC lo.

Mota: Rhone Progil 2,4-D shows no dessctable TCX, OCSX & "§-3"

28LL92 MOd
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Z3Tazle 14: The Effect of Regrvystallization of Na 2,4-D and 2,4-D
Eg Acid on Impuritv Levels
Imguxity Laval (pzm)| F~4Q**
Diluticn
Trzatz=ent TCX | ocsk "g-3" Test Comxme
Recxrvezallize Na 2,4-D Bafora* S8 - 127 0.18 Predus
Highly
lored
Aftar 81 §3 54 0.3+
Recr-vscallize 2,4-D Befora 52 N.D. . 46 bl oded 91% Re:
From Ferc very o:
- 2(4"D
Aftar 1 N.D. N.D. : '
Recrystallize 2,4-D Bafora 52 N.D. 46 rxx 87% Re:
Frem Ethvlbenzene vary ol
2'4'5
! After N.D. | N.D. N.D.

*The imzuritles analysis was performed on a sample of 2,4«D acid isolated
from Na 2,4~D without any extxa treatment,.

*x20:1 dilution in 1000 pom hard water, formulation ccntained 2% Versene

anc ne P-=4000.

xwxxThe racrystallized product behaved like the high purity Rhone Progil

2,4-D which is difficult to formulate as wasg mentioned earlier 1q
this regort.

~a,
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GENERAL CONCLUSIONS
TCX and other non-acidie¢ impurities are formed chiefly in the reaction
atap ©f the 2,4~D bv saveral routes.
A numter of attempts to chemically and physically remove these species
have met with limited success. ' s
-"‘.“-—

SAFZTY & ECOLOGY

2,4-Dichlorophenol, 50% NaoH, and chlorocacetic acid are highly tduic
and corrosive raw materials. When handling, the protective clothing
inclucded lab coat, rubber gloves and goggles, and when possibleg _
all ozerations were performed in a fume hood. A number of operations
wera carried out at elevated pressure which required the use of a
face sihield and sacondary shielding in the hood. All waste sam?l-e54

and sglutions were sant to the burner for disgosal.

-9

et



QB Labab o P

OCR =51~ 0C/78-85 .

Se follcwing is a general description of the procadure used t2
praczaza2 and isolate 2,4-D when simulating 948 Bldg. A 1l litex
round kotisa flask equipped with a bottom drain, two dropping funnels,
A mesnaniczl stizrer, a thermometar, and a distillation head was
¢harged with 179g (1.1 moles) of 2,4-DCP and 48 g (0.6 moles ) of
S0% NaOH. The flask was heatad with a heating mantsl attached to

an Iza Thermcwatch controller.

The rz22cctr contants were heataed while stirring and a DCP-watar
azetrcge was distilled ocut. The distillation was continued until
enough water was removed sc that a temperature of 130°C could be
achieved. Normally 9-10 ml of Hzo and 2-3 ml of DCP were ramoved,

The DC? was returned to the pot. Then 47.3g (0.5 moles) of melted
MCAA and 40.0g (0.5 moles) of 50% caustic were con-added from the two
érogcing funnels during 50-~60 minutes at 130°C. The rates of additicn
were ca2raiully contyolled so that neither added reactant wasg signi-
ficantly in excass of the other. Water and DC? c¢ontinuously distilled
out dusing the con-add and the DC? was reaturned to the reactor. Sear
tne addizicn was complets, the raaction was heated an additional

60 minuzes. About 43-47 gms of H,0 was recoverad in the con-add stag.
At the end of the post reaction samples of the viscous crude reaction
malt wera taken into ampoules, "if desired. .

The werk up procedure for isolating the 2,4-D is as follows: (The
amoun=z used assumes no samples were taken after reaction). The
reactizn mass was diluted with about 500 ml of watexz, heated tO boiling
to ensura complate dissolution and the pH was adjustad to §5.250.2 wita
about .2 ml of conc HCl. The solution was then extracted with six

130 ml gpcrtions of perc at a tempverature of 590°C to remove the DCD'S
Occasicnally S0-100 ml of additicnal Hzo was necessary to keep all ol
dx

the sclid

[ &]
(%]

sclved. The extracted Na 2,4-0 solution was heated

P-o*
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ts £ciling and any traces of pers were distilled off. The pH of the
5c14222n was then lowered o 0.5-0.7 with about 53 ml of czae ECL
acdded razidly and the noltan 2,4-D laver was saparated and drained

- - -~

nes & ceaker. The rasulting brine was discarxded. Tha 2,4-D
was raslurzied in 250 ml of hot distilled H 0 in the got anéd washed
in thlis manner two timeg. The final pH of the aqueous layer was
2.7-2.¢. The 2,4-D was racoversd and dried overnight at ambient

tamperaturasg,

98 L290A0Qq

The analyses of preduct and intarmediate streams were performed by

perscnnel in the 948 Bldg'quality contxol laboratory. The analyses
fcr TCX, OCS¥X, and "8-3" wera periormed as described earlie:a.

Twa Carton Clean up of Molten 2.4-D \Z

A glass pressure apparatus was assembled in which molten 2,4-D was
purmged onto a carben column (downflow). The apparatus is shown.g
schematically in Figure 10, The flow of 2,4-D was controlled by

sontroliing the pressure drop across a capillary tube. To handle
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molsen 2,4-D reliably and effactively, racuired at least 10 psic/

~100-223°C o aveid flashing and freezing problems,

The 2,4-D and a 8light excass ci watar wer2 placed in the feed &Sanx

anc heactad to 110°C. When tha entiras contents wara meltasd ¢

5 8

e
valve on the koteom of tha column was ¢loseé, the column was filled

with mcltan acid to 1" abeve the top of the carbon, and the

svstan stsed for 60 min. The prassuxe drop across the capillary
was acdjustad to 7 psi (10 ml/min flow) ané the valve on the boticm
of the column was adjusted so as to maintain the liquid level above
the carxion bed., The results are shown in Table 10.

T A
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CHLORACNE RESEARCH PROGRAYM i et €
. " ’ . . N
'~ History of Chloracne Incicences at Dow: LR ©
Historically, Dov Cneﬂ1c¢J has been involved in chloracne ' L

. . incldences ever since Dow bcgan the production of chlororh:nols.
At first, the commercial production of chlorophenols was o
“conducted at 206 Building. During the period 1934-36 there —
was a severe outbreak. among the enplo;ees which resulted in '

- . an unsuccessful ‘lawsult. The chloracne incidents were traced

ack to poor working conditions and the manufacture of

Dowicide P. The manufacture of Dowicide P has since been S
terninated. New and improved working facilities for the = 7 -
Douicide group were constructed at 265 Buildlng in 19%40.

: In the layg 1930's, Ves Sioesser in 20A lab got a’ seriou°
K- chloracne attack from chlorinsated diphenylene oxide. Drastic
treatments were used to cure this incident and no further worx
" 'was cone on this series of compounds. It 1s suspected that

“many of tie olher incidences of chloracne are caused by .
~-chlorinatud dlphenylene cxndes or analogues thereof. : T

'In tre nett ten yea*s, anorhe“ unfortunate situatlon occurred

in the chloracne situation. Some of the Dow customers compl aincd .
“about dermatitis and/or chlioracne from the use of Dow's '
Dowicide ). I understand financial adjustments were made and’

trhe production of Dowilcide 3 terminated. A purifiled material

; 01 ”elated structu“p 1u—nu" sold as Dowicide 31 and 32. .

i

During the period 1940~65 “the product 6X (diphenyl oxidn
“¢rlorinated to the hexa lcvel) was manufactured at 206 Building
.. and at least one severe czse of chlcracne occurred because
= of this product. The nroéUction of 6X has been terminated.

In ‘the rescarch lab at 172 Building, there were some cases of
chloracne from research erposures. In one case, a severe case
resulted from the rCCjull“” of residues from the manufacture
. of 2,4,5~trichlorophencl using glycol as a solvent. In &nother

v - cg82, several mild cases occurred hydrolyzing polychlorolienzenes
2 ucing aqueous caustic at hish temperature. The Chemical?Fhysics
.. *Lab had several incidences of chloracna from the recycling of

-caustic insolubles in the alcoholic caustic hydrolysis of

tetracﬁlorobenzcne.

- AL L.
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in 1963, the 2,4, 5~tr1chlorophenol hydrolysis step at 199 Puilding
was modilfied for economy and safety reasons from the use of 1007
caustic to 2%% caustic. The rabbit test for chloracnigens in the
caustic insolubles obtained from a pilot run at this time indicated
that the test response for chloracnigens showed no differznce
-between caustic insolubles obtained by either procedure. IDuring
the latter part of 1963, the production department, in order to
- . increase capacity, raised the reaction temperature and increased
the througnput. This meant that more caustle insolubles wecre
“produced, and more Dempster loadings had to be made. This meant
that employees had more exposures to the caustic insolubles, and
the caustic insolubles due to the higher temperature had larger
concentrations of chloracnigens. Thus the higher concentration
of chloracnigens and the more frequent exposure caused many mild .
incidences of chloracne in 199 Building and two severe cases (LTI's)
. In 1956, a new process (Boehringer) was put into operation using
»-- & batch reactor at low terperature and so far has operated satis-
- factorily. : e '

4 om e o e

4

After they started up their Dowicide plant, the Canadians began
.to experience chloracne incidences in their.employees. In Midland,
.- more than half of the Dowicide employees have chloracne of varying
" intensity and it is imposzible to say when or where these incildences
1occurred - S , :

Research Program in Progress'for Chloracne-Reduction:

ecause of the prevailing existence of chloracne in the Dowicide

plants and a sincere desire to reduce or eliminate thils, reszarch

.. has been initiated in 1966 on this problem. Progress has been
“slow due to the complexity of the problem. The problem involves

s isolation and determination of the identity of the chloracnigens.

. After being properly identified, work can progress on its recuction

__or elinlnation in the proceus.

"Iﬁ commenting on chloracnc, we must keep in mind that chloracne

. 1s a cosmetic evidence of the attack and serious liver damage.

is an invisible effect of the attack. Rabbit ear tests are a

positive sensitive methaqd of determining the chloracne activity

‘of chlorophenol impurities.

N Present Knowledqe of Chloracniﬁens-

Comgound _ ' Activity '
2,3,7,8 Tetrachloro - Very positivc

Cl -0 1 Cl,~-3 - Not active
Cl ' 1 Cls-7 - Possibly some cpds. active
. 0- ‘ ' i

Clg -~ Not active B

_f"ff 0. . | )
- . Br ' Very active
. ..Br~ 0 Br :

[, R . . e
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.Cl _C- . o .. Very active
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f." 3 i1"Cl1¥é‘ - Unknovn activity
0~ "5;;;-- Clz-g =~ Some very active -

- 013 + —.SOme activity

I __5__,.__.-————--—*

Some Midland batches a.re mildly
-.+___,-—-reactive

_ i iew o Many Canadian batches are mildl
Tt reactive -

NaOH> Dowicidg G o :.w;'.j.!'
All sludges are active
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L -.hidland Research Pro~ran on Chloracne-' 'Tf'! C F'ff:;?l“.

“ . The following chloracne act ivity fractions are being examir.ed
for isolation, identification, and minimization of chloracne
gctivity. Unfortunately, due to shortage of technical help,
-the progran is proceeding quite slowly. :

1. Dichlorophenol still re51due.

2. Pentachlorophenol Process samples.

- &. Dowicide 6 and 7 "active" batches.
b. -Dowicide G ~sludge.

c. Dowicide G scrubber sludge.

" The method of research is to first concentrate the sample (rcmnove
-chlorophenols); then fractionate by chromatography; test fraction
.on rabbits, then further fractionate by chromatography, then test

- fraction on rabbits; etc., then determine structure by micro
“analysis; then determine method of analysis in original sample; and
-7 then investigate process changes which will minimize the chlor~
_acnigens in the process. ' . ' T

The Benzene Research Lab_and the Biochem Research 1ab are collabora-
ting in this project. The Benzene Research Lab does the chenical
research and the Blochem Research 1Lab does the testing on the
rabbits on their chargen

'M_lprf \/Lr\
Alex Nidiger

:--. Benzene Research Laberatery
474 Building

de -

H. Haberstroh, I74 Bldg.

C. Saueras, 47ﬁ Blég.

L. Bender, 172 Blc=s. ) ' R

C. Staehling, 253 Bldg. o R 65
Silverstein, 1701 Bldz. U o Tl B
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'Shortly after the startup of the new 2,4-D_process—in-948 Bulldlng,

a new and unexpected class of nonacidic- impurities were 1sol§tedEi
in which two of the major components: were tetrachloroxanthone an

octachlorospirobixanthene. These implirities “were causing problemsj
in the subsequent formulation of 2,4-D as amine salts. @)

A project was started to learn the source of these impurities ancé;E
methods for controlling them. It was found that the impurities O
are formed mainly in the 2,4-D reaction step by several dlfLerent“Q\1
routes and that the rate of formation is increased by increased 'Qxl
caustic ratios, perchloroethylene, heat and iron. \PD

\ln-lh
A number of techniques were evaluated for removing the impurities
including carbon treatment, recrystallization, bleaching, varying
reaction conditions, and improved washing. None of the treatments
were totally successful.

In the plant, the impurities tend to concentrate in the recirculating
perchloroethylene system. It has been found that by increasing

the capacity of the perchloroethylene distillation column from

0.7 to 15 gpm, the steady state concentration of impurities is
reduced to where they do not adversely affect general product
quality or the ability of the plant to operate at optimum rates.
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INTRODUCTION

A new process for preparing high purity 2,4-D was started in May 1977
at 948 Building. The high purity molten acid is transferred by pipe-
line from 948 Building to 489 Building where it is formulated into

esters and water soluble amine salts. Starting in late October 1977,

9€LL9IT MO

precipitates were observed regularly in diluted amines formulations
that were found to be made up of a number of impurities associated
with the process but that were never detected during laboratory or
pilot plant development work. In addition, these impurities were not
found in the o0ld 489 Building aqueous 2,4-D process. R. McLachlanl
analyzed the precipitates and found 1,3,6,8-tetrachloroxanthone

(r: TCX), 1,1'3,3'6,6'8,8'~octachloro-9,9'-spirobixanthene (II: OCSX),
and marginally soluble salts of 2,4-D.

cl cl
0

cl ~ cl Cl

Cl

(I)

Cl Ccl
) . O
l:::’ |!:::l Cl
o) : : :: Cl
O
Cl Cl ,
(I1)

A screening program in the plant showed TCX at levels of 200-500 ppm
in the crude reaction mass, the recycle sodium dichlorophenate 9NaDCP)
solution, and in the final product. Levels of 1000-2000 ppm were found

in the perchloroethylene (Perc) solvent and as much as 10% in the perc
still tars.

67

McLachlanl'analyzed a sample of perc still tars and his results are o g
summarized in Table 1. D’.Coé
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Table 1: An Analysis of One Perc Tar Sample

Approximate
Structure Percentage
Perc 60%
Diethylbenzene 25%
DCP 0.5%
2,4"D O.Ol%
0CSX (II) 1.1%
Dichlorophenyl-
dichlorovinyl ether 1.2%
Dichlorophenyl-
trichlorovinyl ether 0.8%
Plus:

0Cc/78-85

<

Comment .

Main Component

From a heat exchanger
leak (Dowtherm J)

raw material

Product

Rxn product of NaDCP
& perc & its impurities

at least eleven other minor components structurally similar to the

above. See Ref. 1 for details.
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A project was started to study the formation of TCX and OCSX in some
detail to learn more about their formation and fate in the process

because it is not obvious how they are made. Several months after

starting this study, another significant impurity was found in the
product and, to a lesser extent, in the perc tars.
as (III:

benzopyran-11,9'-xanthene) .

(IIT)

A description of the 2,4-D process in 948 Building is as follows:

Main Reactions

ONa
Cl + H.O
+ NaOH _ 2

- Cl
?
OCH,C OWNa

+ CI1CH,CO,H _NaOH . + Nacl'
H,0

Na 2,4-D 68 )

"g-5") 2,2',4,4',5',7,7"',9-octachlorospiro-(benzofuro(3,2-b)

o
@)
<
™o
=F

It was identified 3

=3

w

0

D-o¥
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Important Side Reactions

o Glycolic Acid
2
o
= e
-3
-J
& ONa
de} Cl
2 O + ClZCHCOZNa —_— c1~@o CHCOZNa + 2NacCl
a CL%

"Bis 2,4-D"

The reaction is performed in two stages by first reacting 2.2 moles

of DCP with 1.2 moles of caustic (added as 50% NaOH) to form a
solution of NaDCP in DCP.

High purity 2,4-dichlorophenol (2,4-DCP) made by the chlorination of
phenol with sulfuryl chloride in the presence of FeCl3/Diphenyl sulfide
catalyst is used with chloroacetic acid (MCAA) made by the oxidation
of vinylidine chloride to make 2,4-D as shown above. The typical

raw materials analyses for each is shown in Table 2.

Table 2: Typical Raw Material Analyses for the 2,4-D Process

DCP MCAA
2,4-DCP 98.5% MCAA 99;0%
2,6-DCP ~0.8% Dichloroacetic acid 0.3%
Other Chloro- Chloromaleic acid v0.05%
phenols 0. 5% HZO <1.0%

6*
o



OCR -6~ 0C/78-85

The solution is then boiled down to remove most of the water. Then,
1.0 moles of NaOH (added as 50% NaOH) and 1.0 moles of MCAA are

added to the solution at 130° and the water formed is continuously é?’
boiled off. The crude product, whose approximate analysis is shown-%?
below, is transferred to a storage tank that feeds the continuous

purification equipment.

Do
op)
-3
Approximate 2,4-D Crude Product Analysis -1
—
Na 2,4-D 45% =
Na DCP 10%
DCP 30%
NaCl 122
H20 3%

The 2,4-D is purified by partial acidification to selectively neutra-
lize the DCP, extraction with Perc to remove the DCP, and then final
acidification to liberate molten 2,4-D which is decanted from the
brine and washed with water. A schematic flow sheet of the process

is shown below.

A rapid initial screening of the toxicity of purified TCX and perc

tars gave the following results.

Oral LD50
(single dose) Skin/Eye
Perc Tar (contains slight transient
3-5% TCX + 0OCSX) >5g/Kg initiation. Chloracne
i response after 10
applications of neat
tars.
Purified TCX >4g/Kg not irritating. Chlor-

acne responsefafter 10
applications of 1%
solution in CHCl3.

9
-4
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These results are encouraging from a plant hygiene standpoint, but
more data is necessary regarding long term effects. When the im-
purities were first discovered in the plant, the perchloroethylene
still was used very occasionally and at a rate of <1 gpm vs a total
perc flow of 40 gpm. The still was originally added to the process
as a way of purging contaminants out of the stream to maintain high
quality recycle solvent. At this point, perc tar impurities made up

60-75% of the precipitates formed in diluted amines formulations.

2bLL9Z MOg

About February 1978, the capacity of the perc still was increased

to 3 gpm and the average levels of TCX levels dropped to 50 ppm in
the crude reaction mass and product and to 200-500 ppm in the recy-
cled perc. From the period of March;May 1978, the ability to produce
qguality 2,4-D continued to improve and the amount of perc tar im-
purities found in the dilution test precipitates dropped to 10% of
the total3. The balance were sparingly soluble metal salts of 2,4-D
and some new impurities called Complex 1 and Complex 2, two of which
are shown below (IV & V).

Cl Cl Cl Cl

OCH,CO.H

2772
Ccl .OH oH HO 1

(::2/ Cl OCHZCOZH Cl CH

cl O 1 cl

‘ ] OCH
cl o1

CO,H

v \Y j

In July 1978, the perc still capacity was increased to 15 gpm and

efforts gained at understanding the parameters affecting formulation '70
quality by S. Siegel (OCR), S. Schell (Production 489), and J. King 7{
(Formulation - 9001 Bldg) and their co-workers have greatly improved [7f@ﬂﬂ
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the consistency with which 948 Bldg. 2,4-D can be formulated. Based
upon partition coefficients and data on the rate of formation of TCX
to be discussed later in this report, K. E. First4 (Process Engineering)

..generated a computer program which predicted that by distilling
'15 gpm of recycle perc, the steady state level of TCX in the product

would be ~10 ppm and in the recycled perc the TCX level would be
~vd0 ppm.

The purpose of this report is to present data on the formation and
fate of the impurities in the 2,4-D process. In addition, the results
of experiments aimed at reducing or eliminating the impurities by
chemical and physical methods will be presented.

" RESULTS AND DISCUSSION

This study was divided into the following sections and the results of
each are discussed separately.

(A) The mechanism of TCX formation.

(B) The distribution of TCX in the process.

(C) Reduction of TCX by chemical means.

(D) Reduction of TCX by physical means.

Although there are many impurities formed in this process, it was
decided to focus the research on TCX for several reasons: (1) The
rate and mode of formation of TCX was the most predicable of the

major multicyclic impurities; (2) it was a major impurity; (3) a

pure sample was readily obtained (by D. Humbert, Anal. Lab):; (4) the
analysis is not complicated; and; (5) structurally, it is the simplest

of the multicyclic impurities.

o A
Y

N
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(a) The Mechanism of TCX Formation

A brief search of the literature including Chemical Abstracts showed
. . 5
that the xanthone ring system is formed from a number of reactions.

A common synthetic reaction is shown below in which the -X is included

oH o

1. MeOH/MeONa
« - QI8 QL0
cl - O

% 2. conc H2504

X

+H1L92 Mog

to show the orientation of reaction. Xanthone is formed along with

other products from the pyrolysis of o-chlorobenzoic acid, salicylic

acid, aspirin, o-phenoxybenzoic acid, and salts of the carboxylic
acids. Most of these cyclizations take place in the presence of

acidic catalysts such as P205, Alcl3, Acetic anhydride, or sulfuric

acid. Xanthone is prepared in reasonable yield6 by the pyrolysis of

phenol salicylate with or without a catalyst.

The ease of formation of ring systems that are structurally similar

to xanthones is most clearly shown by the formation of fluorescein

and fluorescein dyes. F-luorescein7 is made by reaction of phthalic

anhydride and resorcinol as shown on the following page.
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+ ch12 OH
H

GPLL93 MOA

N

Phenolphthalein8 is also made by this process using phenol instead

of resorcinol.
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. OH
O CO,H
o + 2[:53 — CH
/ O QO s
0 oH oH ég
™o
(op)
-3
-JF
'S
[,0 op
=0~
@)
i OH
H,0
coO O
bu-on 2 NaOH €O,
____% C
HO HO /[::J/
OH o)
colorless red

These background data give some important clues as to reaction %echanisms
as will be whown later in the report.
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In order to understand the pathway of TCX formation, a series of
ampoule tests were performed to determine which chemicals and/or
combinations give rise to TCX. Table 3 summarizes the results of this
study. A series of ampoules ( 25 ml capacity) were charged with
3-6 gms of mixtures in molar ratios as shown inTable 3 and were

heated in an o0il bath fo 72 hours at 160°C. The sources of the

chemicals were as follows:

2,4-D: High Purity Rhone-Progil Acid
DCP : Doubly distilled 948 Bldg material
- Perc :
NaOH
Glyoxal :

Glyoxylic acid : Reagent materia

Tetrachloroethane :
(50:50 1,1,2,2- & 1,1,1,2-isomers)
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Molar Ratio
Bis - . rpm
Run % 2,4-D DCP NaOH Perc 2,4-D| Other TCX
1 ) N.D.
2 1.0 g% N.D.
3 . o N.D.
4 . . =p] N.D.
-
5 1.0 . ~J N.D
1.0 W .

6 0 N.D
7 1.0 1.2 l.16 8¢
8 1.0 1.4 1.16 28:
9 1.0 1.2 1.16 0.06 244
10 . 0.26 | 0.25 24°
11 1.0 . 1l.16 TCE mixture*: 0.1l1 21¢
12 1.15 1.0 127
13 4.7 1.5 1.0 189¢

15 1.0 0.16 3,5-dichlorosalicylic
acid: 0.16 10¢
16 1.0 " " N.D.
17 1.0 0.26 Glyoxal: 0.26 10¢
18 1.0 0.26 ' Glyoxylic Acid: 0.55 211

*TCE Mixture: 50:50 Mixture of 1,1,1,2- & 1,1,2,2-Tetrachloroethane

Table 3: The Formation of TCX from Synthetic Mixtures Heated at
160° for 72 hrs.

73

o4
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Several compounds other than those found in the process were tested.
The tetrachloroethane mixture is a known contaminant in tne 941 Bldg.
chloroacetylchloride that is used to make MCAA. 2,5-Dichlorosalicylic
acid is a proposed intermediate from the reactions suggested below:

o
2
o cl,c=ccl, 870, 5 c1~c1
(=p) : Metal
1.
=3
W
© o
OH (Na) o OH Ok
Ccl
o g, e
A + 1. Rearr OH
Ccl 1

The decomposition of perc to yield phosgene is known9 but the second

reaction is only speculated.

The glyoxylic acid is postulated to come from bis 2,4-D as shown below:

OH
° 0 H,0 c1 0
/@: CHCOH (Na) _2_> + HC—COZH(Na)
‘\c1 cl
cl
2

which is a well known acetal hydrolysis. The glyoxal was incluged

to show the general nature o©f the reaction whose mechanism is suggested
later in this report.
qe’“’#
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Several tentative conclusions can be made from the data in Table 3.

(a) TCX can be made by several routes
@NaOH and/or NaDCP is necessary for the formation of TCX.
®bis-2,4-D appears to be a key intermediate.

gPerc is a source of TCX.

(b) Significant amounts of TCX are probably made only in the

082492 Mmoq

reactor crude storage tank in the plant since strong base is
required. Run 14 (Table 3) simulates the Na 2,4-D storage
tank (V-501: 948 Bldg) and Run 1 (Table 3) simulates the
product storage tank (V-602: 948 Bldg) in which no TCX was
observed.
In order to study the formation of TCX as a function of reaction
parameters, a series of 2,4-D reactions were performed in the lab-
oratory. These reactions were run to evaluate the effect of
different raw materials, perc, air/Nz, and iron on the amount and
rate of TCX formation. The data are summarized in Table 4. In
these experiments, 1.1 mol of DCP was treated wth 0.6 mol of
caustic and the mixture was heated to 130°C. The majority of the
water that was formed was boiled off. To this mixture, 0.5 mol of
NaOH and 0.5 mol of MCAA were con-added during 1 hr at 130° and the
crude product was heated an additional 1 hr. Water was continuously
distilled out during the con add step. At this point the desired
number of ampoules were charged with 5-10 gms of crude reaction
mixture and were heated in oil baths at 130°, 145°, and/or 160° for
24, 48, and 72 hours. '

4

D-Tf
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Tablc 4: The Parametecrs Affecting the Formation of TCX

in the Semi-Hydrous Process for Preparing 2,4-D
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The data in Table 4 show a number of interesting points. It must
be emphasized that in view of the fact that these data are based
on parts-per-million chemistry, the precision must be subject to

some error. The data are reproducible to about 20%.

(A) Effect of Dichloroacetic Acid in MCAA

Runs 1,4,8, and 9 show that DCAA affects TCX formation presumably
through the formation and decomposition of bis-2,4-D. Run 9 was

2GLLIT MOQg

especially interesting because not only was TCX made but bis 2,4-D

was Observed as shown below:

Hrs at 160°C

24 48 72
ppm TCX 12 41 56
% Bis 0.4 0.3 0.2

These data indicate there is another route to bis-2,4-D besides
reaction of NaDCP with dichloroacetic acid since the monochloroacetic
acid used in this experiment showed no detectable DCAA (< 100 ppm)

by liquid chromatography.

(B) Effect of Perchloroethylene

Whereas Perc showed a significant increase in TCX levels in the am-
poule experiments, its effect in the reactions is uncertain. In most
of the runs, the reactions contaminated with perc showed more TCX at

130°C and similar amounts at 160°C.

K. E. First, Process Engineering,4 ran a computer analysis of the data

which gave the best fit when calculated as two consecutive first order
reactions with an Ea = ~30 Kcal/mol. 1In the presence of perc the Ea

dropped to ™5 Kcal/mol. These data suggest that there is another

75
7l
D-%
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more facile route to TCX from perc whose effect is masked at the

higher temperatures by a primary route (compare Table 4, Runs 1 & 2
and Runs 3 & 4).

" (C) Effect of Atmosphere in the Reactor

”?Nitrogen blanketing appears to lower the TCX level to ~2/3 that ob-
"served in air. It is not certain that this result is significant and

since the magnitude of the drop was low, further work was not warranted.
10

€SLLIZ Mog

Since CO2 is known to be present in the vapor space throughout the
- 2,4-D process, a run was made to determine its effect on TCX formation.
Carbon dioxide comes into the process from the caustic and from perc

decomposition.

- The .reaction was run as described earlier with 20 mol% of NaHCOq added
before the boil down step and then blanketing the reaction mass with
CO2 during the post reaction heating step. Since this is a high
temperature, nearly anhydrous process, the following reaction was
thought possible which could eventually lead to TCX (See Table 3,
Runs 15 and 16). '

ONa : ONa
Cl CO,Na
Ccl 2
+ Co, NaOH . \@(
1 cl
Comparing Runs 1 and 10 (Table 4) show that NaHCO3 and/or CO2 do

not measurably affect the formation of TCX.

15F
Vi
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(D) Changing NaDCP/NaMCAA Ratio

Comparing Runs 1 and 7 (Table 4) show that lowering the NaDCP/NaMCAA
ratios significantly reduces the TCX levels as was also predicted
from the data in Table 3. The effect was studied further and is
discussed later in this report.

PSLLIZ MOg

(E) Source of DCP

A run was made using the old lower purity DCP from the 349 Bldg process
and assure that 948 Bldg, high purity, DCP was not a source of TCX.
Run 6 shows that TCX formation is not associated with the source of DCP.

(F) Effect of Ferric Ion

Runs 11-14, Table 4, show that Fe'3

clearly increases the rate of TCX
formation which suggest that alkylation step(s) are involved. D. Humbert
and colleagues7 performed a material balance of Fe in the following

scheme.
NaOH

DCP > /
MCAA———3 Reactor . gﬁgigiz

Product

16

D-2
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They found that most of the iron is entering the process in the caustic
and that the reactor normally contains 20 ppm of Fe+3.— A recurring
problem for the past several months was how to explain the fact that
the plant observed TCX formation rates that were 5 times greater than
the lab. The iron results explain at least part of this discrepancy

and suggest that efforts aimed at removing iron from the process are

desirable.

Based upon the data presented up to this point, the mechanism shown in
Figure 1 for TCX formation is suggested. This mechanism is consistent
with the observations of the effect of caustic, the fact that TCX can
be made from NaDCP and glyoxal or glyoxylic acid and the levels of
bis-2,4-D. If this mechanism is correct, it is easy to see how perc
can influence TCX formation when one considers the possible hydrolysis
products using either NaOH or NaDCP. Some of these possibilities are

shown in Figure 2 and many are known precursors to TCX.

In addition to TCX, OCSX and "8-5" are known to be formed in measurable
qguantities during the reaction to 2,4-D. It was initially assumed that
TCX is the probable precursor to OCSX and "8-5". However, a series

of ampoule experiments in which TCX was mixed with various ratios of
DCP, 2,4-D, NaOH, and perc showed none formed in detectable amounts.

In addition, a reaction was run in the presence of 500 ppm of added
TCX and gave normal levels of the impurities when the 500 ppm of added
TCX is subtracted out. It is apparent that OCSX, "8-5", and TCX are

probably made by independent routes and proposed mechanisms are shown

" in Figures 3 and 4.
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Figure 1l: Proposed ilechanism of TCX Formation
cl v
H.O o — i Q
+
2 ' CHCO,Na <—= 2 DCP + é—co Na :E
o, 2 u” 2 ™o
cl 2 fop)
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3
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., Figure 2: Some of the Possible Products of the Hydrolysis of Per-
o chloroethylene with NaOH or NaDCP
@)
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W (
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Proposed Mechanism for the Formation of OCSX By a
Route That is Independent of TCX
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Proposed Mechanism for the Formation of "8-5" By a Route
that is Independent of TCX
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The formation of OCSX uses an intermediate in the TCX mechanism

as 1ts starting material. The apparent fact that TCX is not

an intermediate suggests that the more activated dihydroxy ketone
is necessary for alkylation. The mechanism for "8-5" formation
involves a major component in the Complex I and II mixture as a
starting material. Recent analytical resultslO have shown
~100-200 ppm of this mixture in the process. A proposed mechanism
for the formation of Complex Acid I is shown in Figure 5. It

must be emphasized that the mechanisms shown in Figures 3,4, and 5
are speculations and are only one of a number of possibilities.

Much more work is necessary to prove their accuracy.

(B) The Distribution of TCX in the Process

As mentioned earlier, TCX appears to be formed only in the reactor

section of the process. Each of the process hold tanks were tested

using either synthetic mixtures and/or actual plant material under

normal operating conditions and the results are shown below:

V-201 and V-202: Reactor & crude reactor hold tank. Tables 3&4

summarize these results.

094492 MOg

V-403: Phenate Recycle Storage Tank. 60% NaDCP was heated

for up to 7 days in presence and absence of air
in presence and absence of steel at 90°c and
showed no detectable TCX.

V-501: Na 2,4-D Storage Tank
Mixtures of Na 2,4-D, NaCl & HZO were heated at

145-160° for 3 days in presence and absence of

traces of perc and DCP: no detectable TCX was formed.

E

79
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O
o .
2 Figure 5: Proposed Mechanism for the Formation of the Major
Impurity in Complex I mixture (Compound IV)
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V-602: Final Product Storage Tank: Tests run at 120-175° on Eg
wet and dry 2,4-Dll showed that there is an initial slow :E
build up of about 20 ppm of TCX during the first 48 hrs ™o
at >160° that stabilizes out. This suggests a small E}
amount of an unstable unknown species that decomposes -J
in acidic media. Molten 2,4-D can be treated for at gg
least 100 hrs under the above conditions without
affecting product performance.
Since TCX is formed in the reactor and was found throughout 948 Bldg
process, a laboratory study of the distribution was requested. In
this experiment a reaction was carried out and the crude reaction
mass was spiked with TCX. The purification process was then simu-
lated and the fate of the TCX was determined. Figure 6 summarizes
the results of the extraction study performed at 90°/atm.
Figure 6: The Distribution of TCX in a Laboratory Simulation of
the 948 Bldg 2,4-D Process N
REACTION | (TCX not detected)
MASS
<————0.248g TCX added (1000 ppm)
Perc
.
. -.DCP Na 2,4-D (
. TCX not
EXTRACTION Solution detected)
30% NaOH
,
PERC (0.240g TCX Recovered)
SOLUTION
:0.016g TCX NaDCP Perc 80
Recovered) g (0.214g TC?
SOLUTION SOLUTION Recover?d)
(Distribution ga =~ 3) D- ‘71
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These data show an excellent TCX recovery in which, using clean perc,
all the detectable TCX is removed from the Na 2,4-D solution. The
fact that the plant observes some TCX in the product suggests that
some entrained perc is carried overhead so that the impurities

;carried with it end in the product. The extraction of the perc/DCP

-mixture with caustic to recover the NaDCP also extracts about 5%

-df the TCX which is recycled to the reactor. This scheme was
followed in a second experiment that was performed at 125°/ 35 psig
which more closely follows the plant conditions. Under these con-
ditions the aqueous solutions can be more concentrated in Na 2,4-D,

NaCl, and DCP which could affect the distribution of TCX.

A high pressure, mechanically stirred glass reactor was constructed
and was charged with partially neutralized material from V-301

(the DCP neutralizer). The molten material was extracted six times
with perc at 125°C and the molten 2,4-D was isoclated. The TCX

and "8-5" levels were monitored throughout and the analytical results
for the products are summarized in Table 5 for the two runs. The

data show that TCX is effectively removed at the more drastic condi-
tions.

Table 5: The Analysis of the Product from the High Temperature
Extraction of Crude Na 2,4-D with Clean Perchloroethylene

TCX (ppm) "8~5" (ppm) Metals (ppm)
Run init final init final Na | Fe Ca | Mg
1 292 13 54 52 84 5 40 | 13
2 178 2 N.D. 25 91 3 50 | 16

It is interesting to note that "8-5" is not efficiently removeq?with
perc extraction. Hence most of what is made goes out with the

product. OCSX was not detected in these samples.

30 K

LAY
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In summary, TCX is formed in the reactor and most of it remains in
the recirculating perchloroethylene system. A certain amount of
TCX spills into the product and the magnitude is directly related
to the level in the perc. TCX is easily separated by distillation
in the perc still so by increasing the rate of distillation one

would achieve a lower steady state concentration of TCX in the perc.

P9LLIZ  mog

Assuming a rate of TCX formation of 0.5-1.0 #/hr in the plant

(based upon analyses of plant samples) K. E. First4 has taken
distribution coefficient data and has modeled the process in terms

of TCX content in various streams as a function of % of perc distilled
in the perc still. To date, there is not enough in-plant data
;p'verify this model.

(C) Reduction of TCX by Chemical Means

Two approaches for chemical reduction of TCX were studied. These were
methods for inhibiting its formation during the reaction step and
methods for reducing it from process streams. The following approaches

were studied and each will be discussed in detail.

l. Changing NaDCP/NaMCAA ratio.
2. Post reaction neutralization.
3. Effect of DCAA.

4. Bleaching Na 2,4-D solutions.

(1) Changing NaDCP/NaMCAA ratio

Excess caustic or NaDCP was shown earlier to have a significant
qualitative effect on the increased production of TCX. The 2,4-D
12 used a ratio of NaDCP/NaMCAA =

1.2. As described earlier in the discussion, at this ratio the

reaction as developed by H. Brust

product contains theoretically ~6.3 mole % excess alkalinity as NaDCP

as shown on the following page.
81
3
D-9%
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Stg Mat'l Product

0.5 mol DCP 0.5 mol DCP

0.6 mol NaDCP ——> 0.1 ml NaDCP

0.5 ml NaMCaAA 0.5 mol Na 2,4-D

0.5 mol NaCl

Dhingra13 and Fearl4 evaluated the effect of this ratio on the

yvield and kinetics of this reaction and concluded: (a) lower ratios
(below 1.2 lead to lower yields based on MCAA and, (b) low H20 in
solution gives higher 2,4-D yields. The effect of changing the
NaDCP/NaMCAA was restudied in order to determine if the lower yield
ﬁ;bm MCAA could be justified by reduced TCX formation due to less
excess caustic.

The runs were carried out by using a constant amount of NaMCAA and
varying the amounts of NaDCP which was done by adding differing
amounts of caustic in the initial boil down step. Tables 6 and 7
and Figure 7 summarizes the results of this study. These data show
that lowering the ratio from 1.2 to 1.1 results in a 'two fold
reduction of TCX along with a 1% loss in MCAA yield. This is ree
able and was tested in the plant. After three weeks of operation,
they did not note a measurable reduction for reasons that are not
understood at this time. Any further reduction is not practical
since the yield rapidly approaches that of the old plant thereby

. losing much of the advantage of the 948 Bldg process. It is inte-

resting to note that at ratios below 1.0 there is still a measurable
amount of NaDCP which explains why formation of TCX is still observed.
All of the data to date indicate that formation of TCX cannot be
limited to much less than 60 ppm (in the standard 72 hr/160°C anoule
test) . ’
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EFFECT OF NaDCP/NaMCAA RATIO ON TCX FORMATION & YIELD ON MCAA

Mol Ratio CRUDE ANALYSIS
Moles NaDCP ppm MCAA
RUN REF DCP NaDCP  NaMCAA NaMCAA HOG YIELD | Na 2,4-D | DCP |NaDCP | NaCl
1 |oc 417-5-143] 0.50 0.60 0.50 1.2 951 96.4% 45.4 31.2 | 8.9 10.0
2 loc 417-5-144| 0.55 0.55 0.50 1.1 1514 94.2 45.5 38.0 | 6.0 7.4
.3 |oc 417-5-146| 0.60 0.50 0.50 1.0 3808 86.8 41.3 40.3 | 2.2 7.4
4 |oc 640-1-1 0.61 0.49 0.50 0.98 3606 86.2 43.0 41.7 | 2.5 7.9
—
W
Vo MOq
- 99LL93
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THE RATE OF TCX FORMATION AS A FUNCTION OF TIME, TEMPERATURE &
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TABLE 7

194092 moa -

NaDCP

0C/78-85

NaMCAA RATIO

TCX/0CSX
RUN REF TEMP 18 HRS 42 HRS 66 HRS 114 HRS
1 417-5-143 130 —— -—— 19 53
145 37 34 70 218
160 29 86 118/107 240
18 42 66 114 Hrs
2 417-5-144 130 0] 19 33 52
145 27 39 64 93
160 42 74 93 142
_90_Hrs
3 417-5-146 130 <10 <10 15 30
145 15 20 41 59
160 29 47 55 67
90 Hrs
4 640-1 130 17 28 22 18
145 23 31 34 52
160 36 61 65 77
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moda

in the laboratory even by very slowing adding the agqueous acid.

(d) Control of the acid addition would be difficult and, in addition,
the plant would have to run a slightly smaller batch size in order

to provide room for the acid. Further work on this concept is not

0LLLIS

warranted at this time.

(3) DCAA Content of MCAA

The effect of DCAA was discussed earlier.

(4) Bleaching Na 2,4-D Solutions

The major chemical difference between 948 Bldg and 489 Bldg~techniques
for processing crude 2,4-D is that 489 Bldg uses a bleach step in
which residual DCP is oxidized out of the Na 2,4-D solution with

8-12% NaOCl at pH 10.5/100°C. Several experiments were performed

to determine if bleach would effect the impurity levels and/or

improve the ability of the plant to consistently produce 2,4-D that
passes the formulation dilution test. The results of these experiments

are shown in Table 8.

The results of the first experiment apéeared very encouraging since
the dilution test solids, the TCX and the "8-5" were all significantly
reduced. The second series of runs showed a consistent improvement

in dilution test solids when near or out of spec, but not much effect
on the impurities. A capital estimate performed by K. E. First4
showed the cost of implementing a bleach step in 2,4-D to be $500 M
which immediately eliminated any further interest in this project

in view of the marginal benefits. It is assumed, posthumously,, that
the main effect of the bleach was to reduce residual DCP which fis

a known contributor to poor dilution test results.

84
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Table 8: The Treatment of Na 2,4-D Solutions with Bleach

Mol Ratio ml solids Impurities (ppm)
Na 2,4-D Solution pPH NaocCl :

Source Na 2,4-D DMA-4| F-40 TCX OCSX "g-!
V-501 (4-7-78) starting material — 0.18 58 | N.D. | 127
948 Bldg. 10.5 0.1 -——— 0.02 25 N.D. N.D
Vv-501 (6-5-78) starting material 0.01 TR 80 N.D. 31
948 Bldg 10.5 0.1 TR TR 85 " 10

10.5 0.2 TR TR 85 " 26
10.5 0.05 -_—— ——— 104 " 23
10.5 0.1 —-—— - 94 " 16
5 0.1 -——— - 72 " =7
<
2
oo
(op]
-3
-~}
-3
R

A
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(D) Removal of TCX by Physical Means

To date, a stage has been reached in 948 Bldg. where the 2,4-D

MOa

plant can be run to consistently produce inFspec material and has
demonstrated an ability to run at near capacity of 100-120 M#/day.
With the perc still running at ~15 GPM, the 2,4-D product contains
20 ppm of TCX and ~20 ppm of "8-5".

oLLLIT

A numberof attempts have been made to see if the levels of TCX

can be reduced by physical means that include:

1. Carbon treatment of the recycling perc and the molten 2,4-D.
2. Removing perc from the reaction step.
3._ Improved washing of the molten 2,4-D.

4. Recrystallization of Na 2,4-D and recrystallization of 2,4-D acid.

The details of each alternative are discussed below. In all cases,
these experiments were short term, range finding efforts and not
comprehensive. Further work is justified only if the levels of im-
purities presently found in the product prove unacceptable in the

future from a toxicity, environmental, or performance standpoint.

(1) Removal of TCX with Activated Carbon

The removal of TCX with activated carbon from perchloroethylene

from V-402 ("clean" perc storage tank) was evaluated by a standard
isotherm method. A 100 ml portion of perc was treated with ground
Pittsburg SGL carbon at 70°C/72 hrs. The data, summarized in Table 9,

18 that is summarized below. A

were evaluated by a known technique
plot was made of X/M vs. C on log-log paper as shown in Figure 5.
By extrapoling C to incoming TCX concentration, the correspond%pg
X/M value gives the amount of impurity absorbed per unit weight of
carbon when that carbon is in equilibrium with the incoming concen-

tration and represents the ultimate capacity of the carbon. The

85

1ol
D-3%-
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theoretical volume of liquid to be completely freed by TCX/gram of
carbon is calculated from the following equation:

2
=
o
N
-3
-3
N

©)

_ M/Co
Veo = Co :
.S

\"4
VCo = theoretical volumn to be treated

@, -

capacity/gm at incoming concentration
VvV =

volume of liquid used in test

Co = incoming concentration

For this experiment:

_ 400 _
VCo = >3z37 X 100 166 ml/g of Carbon
or 19.9 gal of perc/# C

or 265 # perc/# C
Carbon loading at 241

ppm of TCX in feed

166 ml/g C x 1.6 g ml x .00024
64 mg/gC
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Table 9: The Absorption Isotherm for TCX Removal from Perchloro-
ethylene with Pittsburg SGL Activated Carbon
(M) (C) (X) (X/M)
Resid ppm TCX
Impurity (ppm) WTC/100ml | ppm ppm TCX removed
Sample TCX 0oCsX "g-9" Perc TCX Removed gm Carbon
STG.
Mat'l 241 N.D. 19 0 241 0 - -—-
1 159 " 0.25 159 82 328
.2 108 " 0.50 |108 133 266
3 57 " 17 1.00 57 184 184
4 40 " 1.50 40 201 134
5 29 " 17 2.00 29 212 106
e

86
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This is a low loading level and at the present rates of TCX pro-
duction in the plant, about 15-20 # of carbon per hour would be
required to remove the impurity. The data shown in Table 9 indicate

that carbon does not remove "8-5" from perc. The shape of the

92292 MOQ

isotherm curve indicates that more than one species is being ab- ,
sorbed onto the carbon. No effort was made to determine the -

identity of that compound although it was probably perc.

A run was made to remove impurities from wet molten 2,4-D. Since
molten 2,-D is so difficult to handle at atmospheric pressure,
pressurized system was built using a capillary feeder for controlling
the continuous flow of molten 2,4-D at 100°/25 psig onto a vertical
2' x 0.5" column that was maintained liquid full. The flow rate

was 10 ml/min down the column for a mass flux of ~1.0 gpm/ft.2

The results are summarized in Tableé 10.

Table 10: The Treatment of Molten 2,4-D with Activated Carbon

Approx| Approx. Product Analysis (ppm)

feed -Prod. cut F-40*%*

Sample Temp Pressure rate volume solids

(°C) psig ml/hr (ml) TCX OCSX "8-5" (ml)

Feed

o W N

112 42 N.D. 32 .005
110#2| 33#2 300 100 -- -- --
110 33 600 375 14 N.D. 29 .04

110 33 600 375 28 N.D. 38 .005
110 33 600 376 32 N.D. 42
110 33 600 375 30 N.D. 36

*Formulation contains 2% Versene & 0% PG 4000 .;

These data are fairly crude in that the column was shorter than is desirable
)r optimum column work (2' vs the recommended 5-6'18) and the flow through

; 1
the column was a little faster than the more desirable 0.5 gpm/ft2 recommended.

8'7 .Q,.(oé
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The data show that TCX loading is rather low. Breakthrough occurred
after 900 ml molten D (9359 pure 2,44D) was treated. From the
analyses, the 59.8 gm of Pittsburg SGL 8 x 30 granular carbon
charged to the column absorbed 281 mg of TCX for a loading of

~0.5 mg/g of carbon which is quite low. Again, "8-5" was not
absorbed by the carbon. Based upon these preliminary experiments,
carbon absorption of these impurities is not an attractive puri-

fication technique.

(2) Remove Perchloroethylene From the Reactor

Since perc is known to give rise to TCX, several methods were

examined to eliminate its recycle to the reactor. At present, since
perc is soluble to 1.2% in the recycle NaDCP solution, there are about
350# returning to the reactor in each batch. Since a continuous perc-
phenate phase separation is performed in V-401 just before recycle to
the reactor, a brief study was undertaken to evaluate the phase '
separation to determine the time required for complete layer separation
and the solubility of perc in NaDCP solution.

A solution of 62% NaDCP and 2% NaOH in water was slurried with an
excess of perc and vigorously stirred for 30 min at 75°. The stirring
was stopped and the phenate layer was analyzed for % perc as a function
of time. The results are summarized in Table 11. These data show that
the solubility of perc in NaDCP is 1.3%0.1% at 75°C and that layer
separation is complete within 15 minutes. The residence time in V-401
is 40 minutes so that with proper operation, no layer separation
problems should result. The question was also asked if the perc was
entrained in the NaDCP solution as an emulsion or was it in solution?

A sample was centrifuged at 60° (minimum *“esmperature) for 30 m?n at
~v4000 rpm and 1.2% perc was found in the .enate. It is c0nclﬁded that

the present equipment gives optimum layer separation and the 1.2% of
perc is soluble.
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W)
Table 11: The Solubility and Separation Rate of Perchloroethylene @)
and 62% NaDCP in Water at 75°C s
Do
. op)
% Perc in -3
TIME* Phenate Layer -J
~J
5 min 1.9 &0 -
15 " 1.3 )
30" 1.4
1 hr 1.5
2 " 1.4
40" 1.4
6 " 1.2
24 " 1.3
*Time zero is when the vigorous stirring of the two layers is stopped.

.l



OCR -45- OC/78-85.'

Several attempts were made to strip perc from the reaction mass and
from the NaDCP solution. The plant tried to strip perc from the
reaction mass during the normal boil down step. Whereas normal
operation involves returning the distilled organic layer to the
reactor, in this experiment the recovered organic layer was discarded.
Whereas normal boil down returns 350# of DCP to the reactor, in

this experiment even after 4000# of DCP was distilled off, there

was still detectable perc in the distillate. As a result, this

cLLL92 MOA

approach was judged impractical. Two attempts were made to distill
the 1.3% of perc from the 60% NaDCP-2% NaOH solution.

The first involved a batch distillation from a standard solution
frbm V-403. A total of 65.9 gms were distilled out and 73.8% of
the perc was removed. The reaction was then carried out as

- usual and samples were heated for 24, 48, and 72 hrs and the
results are summarized below. These data suggest that distillation

of 75% of the perc does not reduce TCX formation (See Table 4, Runs 4&5).

Temp 24 hrs 48 hr = 72 hrs
ppm TCX 160° 21 75 145

The second approach taken for stripping out perc was using a falling
film still. The results of two experiments are shown in Table 12.

The results show that, as before, 70-80% of the perc is easily removed
but that the last 20% is likely to be quite difficult. No more work
is planned in this area until it can be better proven that removing

perc offers any real advantage in reducing rates of TCX formation.

(3) Improved Washing of 2,4-D Acid

E

Several experiments were run to see if improved washing would affect
impurity levels in the 2,4-D product. A sample of 2,4-D product was
taken from V-602 (948 Bldg) and was treated in the following ways:

’ (a) A 250 gm sample of molten acid was washed 3 times with 200 ml
%\80 %%A of water per wash at 100°C.
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TABLE 12

Preliminary Data for Falling Film Distillation of Perc From NaDCP Solution

Still: 1" x 12" Tube

w)
2
Pressure Run 1 Run 2 oo -
op)
Temp (col'm) 120° ATM. -3
n f d [+] o -\I
(feed) 75 75 @
o
Feed Rate (ave.) 10 ml/min 10 ml/min
Overhead Temp 85°—> 90° 90°-—> 95°
Feed analysis
% Perc 1.0 1.1
% DCP 51.5 50.1
Wt. Charged (Feed) 725 gms 738 gms
Product: Wt 652 gms " 645 gms
% Perc 0.3% 0.2%
% DCP 53.9% _ 61.6%
Overhead: Wt 46.7 gms 75.0 gms
% Perc 1.5% 3.3%
89
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(b) Another sample was reacidified to pH 0.5 with conc HCl and
rewashed 2 times with water at 100°C.

(c) A synthetic V-501 mixture was made up using Rhone Progil
2,4-D to determine if any impurities are made in the washing

step. The synthetic mixture was acidified and washed and the

18£492MO4

2,4-D was recovered for analysis. This experiment was
repeated in the presence of 2750 ppm of added TCX.

The results of these experiments are shown in Table 13. Based upon
these experiments, it is shown that the impurities are not made or

reduced by improved washing. If anything, they are slightly increased

in the product due to the greater solubility of 2,4-D in the hot water
or brine.

(d) Recrystallization of Na 2,4-D and 2,4-D Acid

An attempt was made to determine if the impurities could be removed
by recrystallization of Na 2,4-D from water and 2,4-D acid from
organic solvents. Na 2,4-D was recrystallized by taking 500 gms of
material from V-501 and adding enough water (350 ml) to form a homo-
geneous solution at 100°C. The solution was cooled and the precipi-
tated Na 2,4-D was filtered and washed with 5% brine. The Na 2,4-D

was redissolved in hot water and the 2,4-D was isolated and analyzed.
The results are shown in Table 14.

In two separate experiments, 2,4-D from V-602 was recrystallized from
perchloroethylene and ethylbenzene. A weight ratio of 3 parts solvent
to 1 part 2,4-D was heated to boiling, the water contained in the
molten 2,4-D was boiled out as an azetrope (the organic distilgbte was
returned) and the solution was cooled. The 2,4-D was recovered by
filtration and the solvent removed by heating in a vacuum oven at

nv60°C. The results are summarized in Table 14.

L

q A
,\\0,%
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Table 13: The Effect of Improved Washing of Molten 2,4-D on Levels

of Impurities O
gg
y Do
Impurities fop)
-3 -
3 1" " q
Material TCX 0CsX 8-5 o0
Do
V-602 Starting Mat'l 56 N.D. 58
Wash three times 73 N.D. 60
Reacidify, wash two times 96 34 68
Synthetic V-501 Na 2,4-D: 21.5%
NacCl 7.0%
DCP 0.2%
After Acidif. & Wash N.D.} N.D. N.D.
Repeat the synthetic V-501
spiked with 2750 ppm TCX
After Acidif & wash 3150 N.D. 10
Note: Rhone Progil 2,4-D shows no detectable TCX, OCSX & "8-5"
30

D-l
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~JTable 14: The Effect of Recrystallization of Na 2,4-D and 2,4-D
ag Acid on Impurity Levels
]
Impurity Level (ppm){ F-40%*%*
Dilution
Treatment TCX 0]615).4 "g-5" Test Commen
Recrystallize Na 2,4~-D Before* 58 - 127 0.18 Product
Highly
lored
After 81 53 54 0.3+
Recrystallize 2,4-D Before 52 N.D. 46 *kk 91% Rec
From Perc very of
N 2,4-D
After 1 N.D. N.D.
Recrystallize 2,4-D Before 52 N.D. 46 * kK 87%/Rec
From Ethylbenzene very (£
2,4-D
After N.D. | N.D. N.D.

*The impurities analysis was performed on a sample
from Na 2,4-D without any extra treatment.

¥*%20:1 dilution in 1000 ppm hard water,

and no P-4000.

of 2,4-D acid isolated

formulation contained 2% Versene

***The recrystallized product behaved like the high purity Rhone Progil
2,4-D which is difficult to formulate as was mentioned earlier in

this report.



Based upon these results, recrystallization of Na 2,4-D is not a good
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option since the TCX tends to concentrate in the product and the
product was highly colored. It was also observed that the iron level -3
in the product increased from 22 ppm to 91 ppm which could explain the ag
off-color. -

Recrystallization from an organic solvent clearly improves the product
quality although it would be difficult and expensive to implement

in the plant. No further work is planned in this area unless it is
determined that extremely low levels of impurities are necessary from

a toxicity or an environmental standpoint.

GENERAL CONCLUSIONS

TCX and other non-acidic impurities are formed chiefly in the reaction
step of the 2,4-D by several routes. Additional caustic, perchloro-
ethylene, elevated temperatures and iron all promote their formation.
A number of attempts to chemically and physically remove these species
‘have met with limited success. It was found that the impurities are
concentrated the recirculating perchloroethylene system and that by
increasing the capacity of the clean up distillation column from

0.75 to 15 gpm, the levels of impurities in the process do not cause

serious operating or quality problems.

SAFETY & ECOLOGY

2,4-Dichlorophenol, 50% NaOH, and chloroacetic acid are highly toxic
and corrosive raw materials. When handling, the protective clothing
included lab coat, rubber gloves and goggles, and when possiblgf

all operations were performed in a fume hood. A number of operations
were carried out at elevated pressure which required the use of a
face shield and secondary shielding in the hood. All waste samples

and solutions were sent to the burner for disposal.

9]. [>_“6
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EXPERIMENTAL

" The Preparation and Workup of 2,4-D

‘The following is a general description of the procedure used to
prepare and isolate 2,4-D when simulating 948 Bldg. A 1 liter

round bottom flask equipped with a bottom drain, two dropping funnels,
a mechanical stirrer, a thermometer, and a distillation head was
charged with 179g (1.1 moles) of 2,4-DCP and 48 g (0.6 moles ) of

50% NaOH. The flask was heated with a heating mantel attached to
an»IzR Thermowatch controller.

The reactor contents were heated while stirring and a DCP-water
azetrope was distilled out. The distillation was continued until
enough water was removed so that a temperature of 130°C could be
achieved. Normally 9-10 ml of HZO and 2-3 ml of DCP were removed.

The DCP was returned to the pot. Then 47.3g (0.5 moles) of melted
MCAA and 40.0g (0.5 moles) of 50% caustic were con-added from the two
dropping funnels during 50-60 minutes at 130°C. The rates of addition
were carefully controlled so that neither added reactant was signi-
ficantly in excess of the other. Water and DCP continuously distilled
out during the con-add and the DCP was returned to the reactor. After
the addition was complete, the reaction was heated an additional

60 minutes. About 43-47 gms of HZO was recovered in the con-add step.

- At the end of the post reaction samples of the viscous crude reaction

melt were taken into ampoules, if desired.

The work up procedure for isolating the 2,4-D is as follows: (The
amounts used assumes no samples were taken after reaction). TH
reaction mass was diluted with about 500 ml of water, heated to boiling
to ensure complete dissolution and the pH was adjusted to 5.2%0.2 with
about 12 ml of conc HCl. The solution was then extracted with six

150 ml portions of perc at a temperature of >90°C to remove the DCP.

Occasiqnally 50~-100 ml of additional Hzo was necessary to keep all of

the ééiids dissolved. The extracted Na 2,4-D solution was heated
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to boiling and any traces of perc were distilled off. The pH of the
solution was then lowered to 0.5-0.7 with about 55 ml of conc HCl
added rapidly and the molten 2,4-D layer was separated and drained
into a beaker. The resulting brine was discarded. The 2,4-D

was reslurried in 250 ml of hot distilled HZO in the pot and washed

in this manner two times. The final pH of the aqueous layer was

982..LI3MOQ

2.7-2.9. The 2,4-D was recovered and dried overnight at ambient
temperatures.

The analyses of product and intermediate streams were performed by
personnel in the 948 Bldg’quality control laboratory. The analyses
ﬁof TCX, OCSX, and "8-5" were performed as described earliers.

The Extraction of DCP and Impurities from Na 2,4-D Solution

Under Pressure

A glass apparatus was designed and fabricated from heavy wall glass
pipe as shown schematically in Figure 9>. The main pot was equipped
with a mechanical stirrer and was loaded with 700g of material from
V-301 (948 Bldg). The reactor was sealed and heated to 125°C. The
perchloroethylene was added in 649 gm increments from the pressurized
shot tank. The perc layer was drained into the bottom receiver where
it was cooled before draining into a bottle. All analyses on the perc

. and Na 2,4-D layers were performed in the 948 Bldg Q. C. Laboratory.

The Carbon Clean up of Molten 2,4-D

A glass pressure apparatus was assembled in which molten 2,4-D yas
pumped onto a carbon column (downflow). The apparatus is shown!
schematically in Figure 10. The flow of 2,4-D was controlled by

controlling the pressure drop across a capillary tube. To handle

/
g2 Q'H‘?
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Figure 10: A Schematic Drawing of the apparatus used to treat

Molten 2,4-D with activated carbon
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molten 2,4-D reliably and effectively, required at least 10 psig/
v100-105°C to avoid flashing and freezing problems.

The 2,4-D and a slight excess of water were placed in the feed tank
and heated to 110°C. When the entire contents were melted the
valve on the bottom of the column was closed, the column was filled
with molten acid to 1" above the top of the carbon, and the

system stood for 60 min. The pressure drop across the capillary
was adjusted to 7 psi (v10 ml/min flow) and the valve on the bottom
of the column was adjusted so as to maintain the liquid level above

the carbon bed. The results are shown in Table 10.
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KARL KRUMEL, Ph.D.,

having been first duly sworn to tell the truth,
the whole truth and nothing but the truth,
relating to said matter, was examined and

testified as follows:

DIRECT EXAMINATION,

>

S ©

I o) S & I o)

©

QUESTIONS BY MR. SCHULER:

Would you state your name, please.

My name is Karl Krumel.

What is your professional address?

My professional address is 1710 Building, the Dow
Chemical Company, Midland, Michigan, 48674.

Are you employed?

Yes, I am.

By whom are you employed?

By the Dow Chemical Company.

What is your position with Dow Chemical Company?
My title is associate scientist.

As associate scientist, just in general, now, what
are your duties and responsibilities?

Well, the associate scientist is a generic_?itle
for people in research who have reached a cértain

level in the company. It doesn’t in any way g9

9492
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define the job.
Tell me a little bit about the structure, to give
me some understanding of how the research
department is organized. And if you would, could
you also tell me, and you don’t have to be
completely thorough about this, but just tell me
in general what the structure is and the various
positions that are within the research department.

MR. WAGNER: I object as to breadth,
compound. You mean today?

MR. SCHULER: Right.
Are you asking me about the structure of research
within the total Dow or within the structure
within my department, which is a small part of the
overall?
Let’s start with your department.
The department I‘’m in is agricultural chemicals
process research. This department, the name has
changed several times over the years that I‘ve
been in it, but that’s the current name. Our
structure, we have a technical director. W? have
two research managers, and these research managers

then control groups of on the order of 30 11}0

-
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technical professionals each. I happen to be in
one of those groups as a senior scientist in the
department.
So there are roughly 62 or 65 people in the
department?
In the current department, yes.
Now, to expand that to the, to give me some idea
of how the department of agricultural chemicals
process research fits into the overall scheme of
things, what other departments are there, other
than that, if you know?
Oh, goodness, there are a number of departments
located in Midland that support other areas of Dow
R&D, you know, of the Dow Chemical Company,
including pharmaceuticals, analytical, polymers,
resins.
You’‘re the only department that has to do with
agricultural chemicals in --
In the Midland, area, yes.

MR. WAGNER: You meant research, of
course? j

MR. SCHULER: Right.

Are there other research departments that deal

101 9 o
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with agricultural chemicals in other areas of the
country?

Well, we have small groups that will support the
production of ag chemicals in other locations
other than Midland, yes.

That are right within the factories, themselves,
you mean?

They’re within the plant area, themselves, yes.
Who is the technical director presently?

The gentleman’s name is Jim Love, L-0O-V-E.

How long has he been technical director at the
agricultural chemicals process research
department?

He’s been there since 1988.

Do you know who his predecessor was?

His predecessor was, yes, the gentleman’s name is
Alex Vogel, V-0O-G-E-L.

How long was he there, if you know?

I can’t give you the exact time frame. It’s on
the order of four years or so.

Would that position of technical director pf the
agricultural chemicals process research department

have been in existence back in 1975, let’s say?

102 %
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In ’75, the organization.was pretty much the same.
The name of the department at that point was
different.

What was the name at that time?

Organic chemicals research.

And who was the head of the department back in
1975, if you recall?

1975, the technical director was a gentleman named
Don Morehouse.

Were there also residents or research managers
back in 1975?

Yes.

Do you recall who the research managers were in
19752

Well, I certainly recall my research manager at
that point, which was Michael Mintz, M-I-N-T-Z.
Is Mr. Morehouse still with the company? |
No. He retired a number of years ago.

Is he still in Midland or has he moved away?

He moved -- well, where he is today, I really
don’t know. He moved away to Florida, but_;’ve
lost track of him.

How about Mr. Mintz, it is he still with the

1 0-3 /9 - \CLDI
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company?
Yes, he still works for Dow.
And what is his position now, the same?
Oh, no, no, no. He’s off in another area. I
can’‘’t tell you exactly what his job is today.
What is your educational background, Dr. Krumel?
In 1960, I received a Bachelor of Arts degree at
Grinnell College, Grinnell, Iowa; in 1962, a
Master in chemistry; in 1962, a Master of Arts in
chemistry from DePauw University, D-E-P-A-U-W, in
Greencastle; and then in 1965, Ph.D. in organic
chemistry from Michigan State University.

MR. LUTZ: What year was that?

THE DEPONENT: 1965.
After ‘65, what did you do?
I joined Dow in June of ‘65, right out of college.
So you have worked for Dow basically all of your
working professional life?
Correct, since graduation from college.
Trace for me, if you would, the positions that
you’ve held at Dow, starting from when you_ﬁegan
work there after graduating in 1965.

From the standpoint of the departments in which I

108 9°"°
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worked?

Yes, and the positions that you held.

In 1965, I joined Dow as a research chemist, which
was an entry-level position for a Ph.D. at that
time. I joined the benzene research lab, which
was part of the laboratory organization at that
time known as organic chemicals production
research.

In 1969, I moved over to an area of
polymer chemistry, cellulose ether chemistry. The
department I moved into was --

I’'m sorry, that last statement was?

Cellulose, C-E-L-L-U-L-0-S-E, cellulose ether.
chemistry.

Cellulose ether?

Yes. And the name of that department changed a
couple of times during the time I was there, but
in 1975, I then moved into what was then known as
organic chemicals research, and I‘ve been in that
department, or whatever that department was
renamed, since that time. _j

So I can save myself some time here, prior to

1975, would it be fair to say that you did not

105 9@
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have any experience, within Dow Chemical Company,
with the agricultural chemicals that the company
was producing?

No, because I hired into benzene research, and
benzene research, at that time, one of their
responsibilities was supporting the agricultural
chemicals business at that time. The period of
time of ‘69 to ‘75, I had no involvement at all in
ag.

Go back to ’65, from ‘65 to ‘69, then, did you
have any involvement with polychlorinated phenols,
I think they’re called, those type of chemicals?
The polychlorinated phenols, yes. In 1966, I
began doing production research on dichlorophenol.
Any others?

And, of course, by association, I was aware of
what was going on in the other chlorinated phenol
areas of research at that time.

To be more specific, did you produce any
documentation from 1965 through 1969 with regard
to any research on 2,4-D or 2,4,5-T or Silyéx?

No. |

Did you work on any projects that involved 2,4-D,

106 o
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2,4,5-T or Silvex during that time period?
No.
Did you produce any research during that time
period, from ‘65 through ‘69, that had to do with
any of the component parts that went either 2,4-D,
2,4,5-T or Silvex?

MR. WAGNER: I object as vague.
I‘’m sorry, would you rephrase the first part of
your question?
Between ‘65 and ‘69, did you produce any research
at Dow Chemical Company on any of the component
chemicals that went into making 2,4-D or 2,4,5-T
or Silvex?
Yes, I did.
And which chemicals are those, as you recall?
2,4-dichlorophenol.
And that is involved with the production of 2,4-D?
Yes.
Did you have one or were there many projects
involving 2,4-dichlorophenal?
It was one major project. _j
And without getting too technical on me, can you

tell me basically, in laymen’s terms, what the
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project involved?

The project involved trying to improve the isomer
purity of the raw material, of the
2,4-dichlorophenol.

And did you produce a paper or papers regarding
that?

Yes.

Was the process that you were involved with
ultimately implemented commercially?

No.

And do you recall the reason why?

Subsequently some additional work was done that
found something better.

And who did that additional work, do you recall?
Let’s see, one of the gentlemen’s names was W.
David Watson. Dave Watson was the primary
researcher. He would have been the primary
researcher in that area.

Was there a fellow by the name of Brust or --
Harry Brust, yes.

Was he also working in that area in the prq#ess
for 2,4-dichlorophenol, or attempting to iﬁprove

the isomer from which 2,4-D is made?

1068 945“{
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By the time I got to know -- well, I didn‘t
actually get to know Harry until I came back into
organic chemicals research in 1975. I'm aware of
what he did in years before that, but only because
I knew -- I got to know him when I came back into
the department. And he was not involved in the
dichlorophenol part, as best I can recall.
Between ‘65 and ‘69, though, he was not directly
involved in ghe research and development for 2,4-D
as far as you know --
I don’t know what Harry Brust did in that period
of time.
Between ‘65 and ‘69, did you have occasion in your
research to analyze or write about any potential
contaminants of 2,4-dichlorophenol or 2,4-D,
itself, such as any of the dioxins, TCDD or any of
the dioxins, for example?

MR. WAGNER: I object as to the breadth.
Are we specifically talking about polychlorinated
dibenzo-para-dioxins when we use the term dioxin?
Yes. _j
Not that I recall. |

What about furans? I know that’s a broad

)
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statement, but did you do any papers or analysis
with regard to the presence of --
Again, polychlorinated dibenzofurans?
Yes.
Not that I recall.
MR. WAGNER: He sounds like a scientist.
THE DEPONENT: Well, I'm going to do
that.
Did you do any toxicological research between ‘65
and ‘69?
I have -- no.
Let me ask you a very general question here as
well, do you consider yourself, I know you‘re an
organic chemistry researcher, do you consider
yourself to have expertise in toxicology?
No, I have no training whatsoever in that area.
Again, a general question, which will save time
later on, as far as the, when I’m going to ask you
some questions about the report you did, I think
in 1978, although the date is hard to make out
here, but with regard to any contaminants_%&at you
ultimately may have dealt with in your research
with 2,4-D or 2,4-dichlorophenol, you would not be

‘1.".' M
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an expert on the toxicological impact of those
contaminants?
That’s correct.
That type of research would be carried on by
others at Dow?
Yes.
Between ‘65 and ‘69, did you do any research that
was connected with any Dow involvement with any
claims that either 2,4-D or 2,4,5-T or Silvex
caused various injuries or diseases?

MR. WAGNER: I object, over broad and
vague.
Are you asking me did I consult with Dow
attorneys?
Yes, that would be part of it, I assume.
No, I never did.
Did you ever testify in any form regarding 2,4-D
or 2,4,5-T or Silvex from, excuse me, from ‘65 to
‘69, again, I‘’m talking about?
No.
Did you ever relate any communications to q?y
governmental agencies regarding 2,4-D or 2,4,5-T

or Silvex or their component parts?
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No.
Did you, and I‘'m going to open this up to the
entire time all the way to the present, did you
ever give a deposition in any any case involving
allegations of personal injury as a result of
exposure to 2,4-D, 2,4,5-T or Silvex?
This is my first deposition.
This is your first deposition, period, you‘ve
never given one before?

MR. WAGNER: You‘re it.
I have to get the answer from you, though. This
is your first one?
Yes, sir.
There has been testimony in this case that, I‘m
not sure as I look back at it, the exact date, but
there was a meeting regarding contaminants found
in 2,4,5-trichlorophenol of various manufacturers,
I think either in ‘64 or 65. You wouldn’t have
attended that meeting, would you?
Well, no, obviously not, because I didn’t join the
company until June of ‘65, and I had no _;
involvement whatsoever in the area of halogenated

phenols until after 1966.
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So you wouldn’t have attended any meetings with
regard to the presence or absence of TCDD in any
of the Dow chemicals from 1965 to 19692
Correct. I‘m sorry, would you ask that question
again? I want to make sure --

(The requested material was read by the
reporter.)
The question should probably be, I attended no
meetings, I was not involved in anything dealing
with 2,4-D, 2,4,5-T or Silvex.
Nothing whatever during that time period?
Correct.
Let’s skip forward to your moving into the organic
chemicals research in 1975. Were you assigned
responsibilities when you went into that
particular department back in 1975, any
responsibilities with respect to 2,4-D or 2,4,5-T
or Silvex or their component parts with respect to
doing research?
Yes, I was.
What responsibilities were you assigned inifially
when you first went into the department?

When I first went to that department, I was
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assigned the responsibility of doing process
research for the new 2,4-D plant that was
scheduled for start up in approximately two years
from the time that I joined the group.

And when you say process research for the new
2,4-D plant, 1975, when you went back to organic
chemistry research or the organic chemicals
research department, 2,4-D was being made by Dow
Chemical Company at that time?

Correct.

It was being made pursuant to a process that they
had been using for a number of years, correct?
That’s also correct.

Do you know the history of the process of 2,4-D,
in other words, the process that was being used in
1975? When you went to the organic chemicals
research department, do you know, was there a name
for the process they were using at that time?
Well, it was just simply called the 2,4-D plant.
And what building was it located in?

489 building. i

And there wasn’t any specific name for the |
process, who put the process together or anything
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like that?

MR. WAGNER: I object, compound.
Not to my knowledge. It was just known as the
2,4-D plant.
What was the purpose, if you recall, for
attempting to put together a new process for the
manufacture of 2,4-D?
We developed some new technology that was much
more efficient, produced much higher yield, and
produced isomer purity in the final product.
When you say we developed?
Our department.
I understand, but were there certain individuals
that were responsible for developing that new
process?
Well, the scientists. David Watson, that I
mentioned before, was the primary investigator in
improving the quality of our 2,4-dichlorophenol
from an isomer specific standpoint. Harry Brust
is the chemist who developed the chemistry that
was eventually implemented in the 2,4-D prp;ess.
Is Mr. Watson still with the company, by the way?

Yes.
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Is he in your department?
No. He’s in another department. He’s located at
Midland.
Do you know what department he’s located in?
The department is called design thermoplastics
research.
What about Mr. Brust, is he still with the
company?
No. Harry retired a number of years ago.
Is he still in Midland, or did he move away
somewhere?
I believe he’s moved away, although I see him in
town every once in a while.
Did you know whether or not, with the process that
was being used in 1975, for the manufacture of
2,4-D, whether there were any problems, from an
organic chemistry standpoint, with contaminants
being found in the 2,4-D being manufactured, I‘l1l
call it by the old process that was in existence,
19752
No. i

MR. WAGNER: I object, wvague.

You don’t know one way or the other?
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No, I don't.
Do you know who might have, if anyone, done
research on the 2,4-D that was manufactured in
1975, to determine its purity or to determine
whether there were any contaminants in the 2,4-D?

MR. WAGNER: Calls for speculation.
Could you be more specific?
Well, it‘’s relatively specific. Let me see if I
can make it more clear. Do you know who the
individual was in the organic chemicals research
department, if anyone, who might have done
research on the 2,4-D being manufactured in 1975,
to determine whether there were any contaminants
in the 2,4-D?

MR. WAGNER: Same objection.
No, I can’t recall.
Let me ask the question this way, maybe this will
make it more clear, was there anyone that you knew
back in 1975, in the organic chemicals research
department, that was responsible for doing the
basic research on 2,4-D back then? j
Well, Dr. Brust was responsible for the reséarch

on the new developing process. I did some
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research in the, as it relates to the old process,
not specifically targeted at trace impurities.

In other words, you weren‘t just looking for trace
impurities; you were just doing research on it for
other purposes?

For other purposes, yes.

Did you produce tapes that outlined your research
back in 197572

Yes, I would have.

Do you recall whether, in the course of doing your
research, you found any impurities in the process
for making 2,4-D in 1975?

For me to answer that question properly, I guess
I‘’d like to know what impurities you‘re
specifically asking about.

TCDD, for example.

No.

No, you did not find TCDD?

No, nor did we analyze -- was I responsible for
determining TCDD in that time frame?

You were not looking for that? C

Correct.

Do you know if there was anyone that was looking
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for TCDD, for example, in 2,4-D back in 1975?
No:
You don‘t know, no, or --
No, I don‘t know.
How big was the department back then in 19752

MR. WAGNER: Organic chemistry research?

MR. SCHULER: Yes.
More or less the same size. At this point I don‘t
recall exactly how many people we had.
What I‘m getting at, do you have an idea of who
may have been involved in that type of research,
or you’re just not sure who it was?
I just simply don‘t recall anyone doing any
research at that time, and I would, if it were
done, I‘'m sure.
Okay, to get back to my earlier question, I asked
you about whether in your research I think you
found any TCDD. I know you weren’t looking for
these things, but in the course of your research
on the 1975 process, did you find any of the other
polychlorinated dibenzo-p-dioxins, did I pr?nounce
it properly? B

What you‘re specifically asking me about is did we
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look for these compounds in the old 2,4-D process,
in the 1975 time frame?
Correct.
No.
Let me change the question a little bit to, even
though you weren‘’t looking for them, did you find
any of those?
No.
Did you work with someone in doing your research
on 2,4-D in 19752
Within our department?
Yes.
No. I was doing the work. Excuse me, are you
asking about the old process work?
The old process, that’s right.
Yes, that was done by me.
You didn‘’t have someone that worked with you in
the department, it was just you?

MR. WAGNER: Asked and answered.
As best I can recall at this point.
In your work on the old process, can you juft tell
me what your research did involve back in 1575?

At that time, again, we were just -- one of my

120 o 40




FORM LASER BOND A PENGAD/INDY 1-800-631-6989

26

roles as a process chemist is to make sure we’re
using the most modern, up-to-date technology and
chemistry that we can do. And my research was
essentially aimed at doing just that, making sure
the plant was operating, that the chemistry in the
lab was operating most efficiently within the
boundaries in which we could operate in the plant,
maximizing yield, maximizing product quality, that
sort of thing.

Would you try different things in the laboratory
to see if you could improve the quality to
maximize yield and maximize purity?

Correct.

And if they appéared to be, the things that you
did were improvements and appeared to be things
that could be incorporated into the process, then
that suggestion would be made, is that how it
worked?

It would certainly be considered.

Who would make the ultimate decisions as to
whether a particular change in the process Yould
be incorporated? I know there’s probably é!number

of people it went through, but just give me a
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general idea how it worked.

At that time the, well, the ultimate -- the person
ultimately responsible for the plant would be the
plant superintendent.

Who was the --

But the plant superintendent would work with
people in the agricultural chemicals production
department because we had some senior level
experienced engineers that were located in that
department, whose responsibility it was to
maintain high standards of technology from the
engineering perspective.

That was the agricultural chemical production
department, you say?

Yes.

Who was the plant superintendent for the 489 2,4-D
process back in 1975?

At the time I joined the group, the man’s name was
Bill Jones, William Jones.

Is he still with the company, to your knowledge?
As far as I know he is. j

Do you know where he is in the company, whé£

department?
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I haven’t any idea at this point.
In the plant, would records be kept about the
process, in other words, the yields that were
being obtained, the quality of the product, would
that periodically be tested and records be kept on
that?

MR. WAGNER: 1975 time period?

MR. SCHULER: Right.
During that time period, yes.
Do you know what other records that would be kept
in the plant, primarily?
Well, they would keep operational records of how
the plant was running, product quality, the
results of quality control testing, records on
plant maintenance and et cetera, et cetera.
Would the plant superintendent be specifically
responsible for the quality control testing?
He’s the person who is in charge of the people who
do the work, yes.
Some of these questions, I‘m sure, seem very basic
to you, but I need to know, do these plaﬁts;run
continuously? N

Yes.
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24 hours a day?
Yes.
And besides operational records and records
dealing with yield and purity and quality control
testing, are there any other types of records kept
in the plant back in 1975, I‘’m talking about?
I think I covered the ones that certainly I’'m
aware of.
Was it ever your function to go and review the
records in the plant to see how the plant was
doing?
Oh, yes, I would, on a regular basis, review
records on how the plant was operating and how the
product quality was holding up. I didn’t have any
reason to review records on maintenance or
scheduling or things like that.
When you say product quality, and taking 2,4-D
specifically in 1975, and again, as generically as
you can, what would you look for to determine
product quality?

MR. WAGNER: I object to the form}of the
question. N

We -- well, we had certain specific indications
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that we -- that the product was required to meet
by our customers, and we would maintain a track of
that and try to maintain an awareness of how the
product quality was related to the specs that we
were -- specifications that we were expected to
meet. And if problems or issues came up with
regards to meeting specs, then we would attempt to
solve the problem or issue.

What type of specs are you talking about?

Assays, A-S-S-A-Y, the tracking of normal isdmer,
isomeric impurities. We had several final product
quality control tests that we would monitor on a
regular basis.

When you talk about assays, what are you talking
about, what type of assays? You mean
concentration of the product?

Well, the quality of the technical product, the
assay at that time was expected to be 95 percent
pure 2,4-D, so that’s what I mean by assay. Now,
what I‘m talking about is the technical 2,4-D
assay, which is 2,4-dichlorophenoxyacetic gfid,
A-C-E-T-I-C, acid. |

And the spec at that time was 95 percent purity?
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Yes.
And when you say 95 percent purity, was that in
what form, was that in liquid or powder?
Powder form.
Was the powder put in suspension before the
product was shipped, or was it shipped both ways,
how did that work, if you know?

MR. WAGNER: I object to the form of the
question.
It was -- we did supply, some of our materials
were supplied to the customer as the acid form,
but then it was supplied in a number of other
physical forms.
Depending on the customers’ requirements, more or
less?
Right.
Now, when you said they were tested for isomeric
impurities, was there any test for the dioxins
that we discussed earlier, for example, TCDD?
I simply don’t recall how that was handled in
those days. j
What about any of the other polychlorinated

dibenzo-p-dioxins, were there tests for any of the
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others?

Not that I specifically recall.

Same question with regard to the furans, were
there any tests for those?

Not that I specifically recall.

What type of impurities, when you say isomeric
impurities, do you recall any that was tested for?
We would, our quality control procedures at that
time did not require that we analyze for other
isomeric impurities.

I thought you told me earlier that there was
testing for isomeric impurities. Did I
misunderstand you?

I‘'m trying to recall 18 years ago. If I said
that, I guess I must have misspoken. At that
time, the specs that we were required to meet in
our quality control was 95 percent assay, a 95
percent assay. We had the ability to analyze for
other isomeric impurities, but that was not an
official specification. That may be where we got
confused a little bit. ;

Does that mean that it wasn’t done or it w;s done

periodically or what, testing for isomeric

127 D- 153




FORM LASER BOND A PENGAD/INDY 1-800-631-6989

33

impurities?

MR. WAGNER: I object to the form of the
question.
It was more likely to be done on an irregular
basis, and most likely from a research standpoint.
As opposed to a quality control standpoint?
As opposed to a quality control standpoint, yes.
You mentioned initially you did some research on
the old process for manufacturing 2,4-D, and at
some point you were given responsibilities to do
process research for what was potentially going to
be a new process, correct?
Correct.
Was there any other research, before we get to
that, that you did with regard to the old process?
I know I‘ve focused on impurities, and you‘ve told
me basically what you did, but was there any other
aspect of your research that we haven’t covered
from the old process?

MR. WAGNER: This is 1975, before he
started working on the new one? _}
As it relates to the 2,4-D acid process in'the 489

building?
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Right.

As best I recall, I’ve told you essentially
everything I did at this time.

From a chronological standpoint, how long were you
involved in the research in the old process before
you turned your attention or your responsibilities
were directed to doing research on the new
process?

Only a few months.

And when your attention was directed to the new
process, what was your initial assignment with
regard to that?

Essentially to provide chemistry support to the
construction of the new plant, focusing on gaining
a personal understanding of the way the new
process was going to operate.

Let me get some time parameters in here, too, so
perhaps this can save me some effort later on.

Did the new process -- was it implemented?

Yes.

Can you tell me at what point in time the n?w
process was implemented? |

We started the new 2,4-D process in the spring of
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‘77, I think. I see you’ve got my report. I
think it talks about May of ‘77.
Okay, was it May of ‘77, is that when the process
was began?
That’s when we started the production of 2,4-D.
And up until May of 1977, the old process was
being used?
Yes.
Was the new process, did the new process, was that
put in the same building, 4892
No. It was a new structure.
What was the new building?
948 building -- 948-949 building.
From your recollection, if you know, when the new
process was started in the spring of ‘77, was the
product, in May of ‘77, was the product sold right
away or was there any delay in the sale of the
product?

MR. WAGNER: I object to the form of the
question, vague.
I have no personal knowledge as to when we j
actually began -- the old process continued'to

operate for approximately 18 months after, as best
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