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VERTAC CHEMICAL CORPORATION 6{
V 24th Fioor ® 5100 Popisr ® Memphis, TN 38137 » 901.767-6851 ‘

REPLY TO: P. O. BOX €9
JACKSONVILLE, AR 72076
{S01) $82548!

February 16, 1981

Ms. Roxanne Jayne LN
Hercules Incorporated -
910 Market Street <
Wilmington, Delaware 19899 - O

Dear Roxanne:

Enclosed is a copy of the information you requested in
our phone conversation last Friday.

Hope this will be of help to you.
Sincerely yours,

VERTAC CHEMICAL CORPORATION
Jacksonville Plant

M,’/f /L«

A. E. Sldwel
Director of Research

AES:ew

Enclosures: (History of Trichlorophencl and 2,4,5-T Acid
Manufacture at Jacksonville, Arkansas - 9/17/76)
(Chemistry of 2,4,5~T Production - 9/17/76)
(TCDD Content of 5cil and lLiguid Samples - Memo,
A.E.S. to T. Bennett, Jr. - 10/27/76)
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HISTORY OF TRICHLOROPHENOL AND 2,4,5-T ACID MANUFACTURE
AT
JACKSORVILLE, ARYANSAS
Trichlorophenol and 2,4,5-T7 acid heve been menufactured in Jacksonville,

Arkansas, for the past nineteen years. Another phenoxy-herbicide, 2,4-D acid has

been made for a longer period at the same location. However, this is written to '™

8

provide & history of the production of 2,4,5-trichlorophenol and 2,4,5-T acid. e

Both of these materiais have been the subject of recent and continuing public z;
interest. ©
As 2 result of the unfortunate accicent in Italy, all manufacturers
of 2,4,5-TCP have been reviewing the safety aspects of their operztions. The
facility in Jacksonville, Arkansas, has safely procduced TCP for many yesrs. The
chemistry design and cperztion at this facility is consicerably different from
that in Italy. Althcugh saTety controls and operztions here are emonstrably
believed to be 2dequzte, additional conirols will be installed. These corirols
will totally contain a1) safety pressure reiezses from the TCB reactors and waier
wash all reaction mzterials from the relezsed vezpors. The aduad control meesuras
will consist of an additional automatic pressure relief on each reactor, 2 high
pressure blowdown or c¢atch tank, and'a water scrubbing tower.

RIASOF-HILL CORPORATION

The plant in which these materials are produced in Arkansas was
originally a part of the Jacksonville Ordnance plant which was built and operzted
for the Government in the 30's and, early 40's. The Rezsor-Hill Corporation,
established in late 1546 by Dr. Lyle 0. Hill, a native of Russellville, Arkenses,
ang the late Mr. Gerald Rezsor, then a Chicago business executive, purchased
the site from the Government. The corporation first began producticn of cotion

s : . . S Y jumcian zmd .
inszcTicids Zust, it later zxzandsd to cther types of inserticizZs producinin UL
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finally began making the herbicide, 2,4-D acid and esters, in a well isolated portion
of the plant to avoid cross contamination.

Production of 2,4,5-T acid was begun in October 19857 after about a
year of laboratory work on the rethod. Although both 2,4,5-T and 2,4-D are made
by an essentially similar process from monochloroacetic acid and an appropriate
chlorophenol, 2,4,5-trichlorophencl, from which 2,4,5-T is made, is more difficult

to prepare than 2,4-dichluropteno) used in making 2,4-D.

ONORS RN

LE2TRATORY STUDY

Laboratory work by the author and co-workers was concentrated on
the preparetion of 2,4,5-trichlorophenol as its sodium salt. Though other
compenies alreedy were engsged in the manufacture of 2,4,5-T7 acid at that time,
reletiveiy little information was aveilable in the form of publishad cherizal
Titerature. Howsver, since one reasorzbly economical, direct rouvte to prepare
the nesded trichioroshensl involves the treziment of symmetrical tetrachlorobzrzzne
(TCB) with caustic (naDH) in meihy} alcohol { B30H), this reaction was studied
extensively.

Fost of the work wes dome using 2 Ferr lzboratory pressure reactor.
The reaction needs hsat to get sizried, then reguires cooling to control the
heat and pressure gererated while the primary reaction takes place. Verious
weight ratios of TCB, LaO¥ &nd methy) 2lconol were mixed and heated to start ihe
rezction in the Parr reector. The resulting temperztiures ard pressures civeloped
during the rezction by the different mixtures were noted. Various lengths of time
were employed in ageing after the reaction had subsided to ensure completion. Tne
information obtzined was then used to design a method for larger scale menufacture
vhich would minimize potential danger due to temperature and pressure 2nd meximize

szfe operating conditions and useful product.

1t was cdecided to 1imit the armount of material to be procuced in a )
zzzel 1o siivi ise guosction Soianich o

\
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21so could be cooled successfully in controlling the heat produced during the
reaction. Essentially this meant that the reaction vessel must have 2 volume
to internal surface ratio sized to either add or remove heat rapidly in order
to insure safety.

IRSTALLATION

As a result of the experimental work and consideration of safe

operztion, Reasor-Hill purchesed a 500 g2llon vessel designed at 350 PS! and
“actually tested at 525 PSi. Tne normal operation proceedec at pressures well
betow the design pressure. The vessel was fitied with a relief valve to re-
Jezse small amounts ofivapor should the pressure exceed the normal working
pressure. Afier the heat cenerated by the reaction has subsided, which can
be corirolled by cooling, the material must be aged about five hours. During
sting the compounc first formed {a methyl ether of TCP) reacts slowly with
the alkeline methyl slcehol tc form the sodium salt of trichlorophenol, at

the szme time producing volatile dimethyl ether. Most of the dimethyl ether
dicsoives in the liquid mixture under pressure, but it has a low boiling point
ernd giowiy exerts increzsaC pressure at the temperzture employed during the
aging process. (Currently the pressures are controlled well below 350 PSI

giring the aging process, and the cimethyl ether vepors are zbsorbed in & wzter

"

crubber and discharoged to weste during distillation, being decomposed by
tegteria in the city sewage treztment plant.)

The vessel was also provided with a rupture disc designed to
retieve well below the vessel test pressure. This permitted sudden reduction
of pressure within the reactor should the pressure during initial reaction rise
unduly above the normal working pressure. The pressure reduction allowed rapid
evaporation of metnyl alcohol which has the effect of sudden cooling of the
reacto- m2se. Sych sufZen cooling in addition te forced external cocling by
wzier jmmediately drops the temperature of the rescting mass. The drop in tza-

perature prevents the reaction from continuing.

O30



-8-

in addition tc the necessary tanks, pumps and piping the vessel
wes fitted with recording tempezrazture and pressure measuring devices. These
recorders were placed so that the operator could know what conditions were present
within the reactor at 211 times after the reaction mixture had been charged to
the vessel and fully prepared by checking 211 valves ang bolted closures. The
reactor wes situcted within one of three bays having reinforced concrete walls.
The recorders 2nd 211 oparating steam and water valves were placed in the bay

furthest eawey from the reactor.

000300

After & reaction was complete and ageing finished, the reactor
wes ailowed tc cool down from tne ageing temperature, The pressure thus was
reduced so that dissolved dimethyl ether could be vented. The reactor proczuct
then could be purped to a still for the removal of methyl aleohol while adding
an equivelent mzss of water. 'wWhen the methyl 2lcchol had been compietely remzved,
the weier sclution of sodium trichiorcphenzte together with sodium chieride and
excess caustic was permitied to cool to @ temperzture thzt would allow it to
remzin liguid. This liquid was then pumped to a hezted storzge tznk.

FIRCULES INCORPQRZTED

This reactor and eguipment was used by Reasor-Hill without troutie
end by Hercules Powder Company (now Hercules Incorporated) who purchzsed the piant
in December, 1961, for several vears thereafter. After Hercules bousht the plant
a1l insecticide production was stcpped at the site. Production was limited to
rhenory-herbicides and various production improvements were made.

Sometime in 1965 Hercules made 2 decision to increase the czpacity
of the plant for the production of 2,4,5-T acid. This meant that the capacity
for meking trichlorophenol had to be increased.

Kercules reviewed the production history of safety and efficacy of
the existing procecdure for makirgirichlorophenol. After considerztion by thzir _.

-
‘

.zinzering end Safety Deperimsnts tuo eldition:s’ rezciors of
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as the original one were installed. These reactors often were operated round the
clock especially during the period that the Government was requiring the material
called 'Orange'. ('Orange' was a mixture of about 50-50% by weight of the butyl
esters of 2,£-D and 2,4,5-7 used by the military to effectively defoliate areas
around their instellations in Vietnam.) Since that period, as the demand for
2,4,5-T hes drcpped to that of the domestic and foreign markets, all three of

the reectors heve been continued in use as required.

Transvaal, Inc. purchezsed the plant on October 1, 1871, Under these
cwners the crigine]l method of processing has been continued, with improverents
in the handling of potential air or water poliution.

CIONIN ANELYSIS

The discovery in 1970 that formulations of 2,4,5-T from various —
sources contzin varizble emounts of a highly toxic conteminant, TCDD (2,3,7,8- 4/
tetrzchiorociterzc-p-dioxin), prompted the cessztion of its use in Vietnam. The
use of 2,4,5-T was restiricied and 2 total ban on the use of 2,4,5-T heving &
"nigh" dioxin content h2s been impesed by the U. S. Environmsntal Protection Acerzy.

Fortunstely investigations by the Aercspace Research Laboratories,

L. S. Air Force, published in May 1975, indicate that the dioxin content of 'Orznge’
supplied to the military from this plant show an zverage of less than 0.0% parts

per million of dioxin. Averzged analyses of szmples of 'Orznge’ from ciher
renufacturers mentioned in the ARL report rznged from 0.12 ppm to 14.2 ppmdioxin.
The work done by Rerospace Research employed gas chromatograph-mess specirum
2nzlysis cazpable of lower concentration determinations than by chromatographic
nethod zlone.

This appears to confirm work done in our laboratory covering analysis
of pooled retzined samnles of 2,4,5-T acid produced during the period January 195%.

througt May 1870, Cur Tinzirge repiriec dnoe JsEtieET Tl oHsriu
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cznuary 27, 1971 (copy attached) were to the.effect that a1l samples exzmined for
dioxin by 2 gas-liquid chromatograph method contained less than 0.1 part per
million, However, as a2 precaution we have continued routine examination of
pooled betch samples of 2,4,5-T acid and have never found dioxin present in
amounts greater than 0.1 ppm. (After the acid hes been converted to an ester
the dioxin content should drop because of the increase in mass of the ester.)

Szmples of our 2,4,5-T acid examined as a courtesy by 2 competitive

cempeny heve also beer reported to have TCDD content below 0.1 ppm.

DICXIN SOQURCE

It is the writers firm belief that the source of the dioxin or

relzted dioxins present in the 2,4,5-T acid is the reaction by means of which 7

the trichloroshenol used is formed. Most experts and the Report of the Fzinel

on Herbicides of the President's Science Advisorv Committee confirm this view.

Our rmzthod does not appear to produce dicxin in significant guantity. However

we have under way tests of various wasie materials and recycled liquors

I

to cetermine iT these might concentrate ¢ixcin and thus be a heazard.

EFFECTS OF EXPOSURE

The writer has worked for twenty years with various phenoxy
herbicides both in the laboratory and in the plant. No i11 effects have ever
been noted. Occzsional instances vhere accidenta] skin contact with the alkaline
socium trichiorophenate solution, or with raw trichiorcphenol disscived in
recycle Tiquors, has produced local chemical burns on &rms or hznds. These teng
to heal within 2 short time and the skin appears to be quite normal after
healing. This is also true of many plant workers who have from time to time

over the years been 'burned’.

%}4/{(&//%

or. Ao E. SiZueeid
virecior of Resezrch
Seotemder 17, 1976 -
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CHEMISTRY OF 2,4,5-T PRODUCTION

The manufacture of 2,4,5-T starts with production of 2,4,5-tri-
chlorophenol from 1,2, .,.-Leyrach1orobenzene, ideally by renova] of
one chlorine atcm subst1 tuting an hydroxyl radical in its place, with
generation of 2 msiecule of sodium chloride.

Thus, on peper,

-
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Hcwever, the reaction must be carried on in 2 solvent (methanpl

A}
or & glycol) which will permit the materials to interact. It is =
necessary 1o rea‘ th2 mixture to effect sclution of the two reacting -
substances. the tempzrzture where the tetrachloroberzene melts, the (o]
cgustic hes 1arge\y ¢isscived in the 2lcohol. This concition permits an
intimzte mixture of the ingredients, promoting interaction.

Study ef the rezciion shovs trhat in reality caustic reacts with
methanol (an¢ ¢lvcol) to procuce some W2dCHg (or haOCFZ-CPZOh) and weter.
The NaOCH3 then rezcts as fellows:
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Once the rzaction is s<erted, heat is developed. This heat must be
removeC or the oressure ceveloped.as also temperature of the reacting mass,
will rise repicdly. With hich temperztures many side reactions other than
thet desired czn &znd do occur.
Scme of the side reactions may be illustirated as follows:
[
i/ LN CNa
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(Contirued) .



Cﬁemistry of 2,4,5-T Froduction Page 2

(continued)

where any one of the other chlorine atoms may be Tost and substituted
by a methoxyl group. This permits of variable small amounts of

oL e
oi @ ctH.crH el /_\ ocK.cert and
fen, - Ci :
2 e 7
2

. to be present with a major zmount
¥ the desired product.

venishingly emz1l zmounte of further products of cechlorination
are to¢ be expected. -

If temperature &rd/or concentiration are too hioh, further reaction
may result in the formetion of 2,3,7,B8-tetrachiorodibanzc-p-diorin:

l

. e,

Lf\rc, LNl hy NN S PO

»;,Q/l.!-“— -;l\ ‘L’_ -— [39 ~ ! 2L + A lET-
bao

1€ the tempereture or concentirations e~ploved are too high, or if
the temperzture rises out of control, this reaction and autoxication of
the mass can take place.

2,4,5-T acid results from the reaction of CICH,COQH and 2,4,5-TCP
as sodium szits to form the sodium salt of 2,4,5-T. The free acid is
obiained by acidification. Since the other sodium salts of secondery
dechlorinztion products couple to varying extents with monochioroacetic
acid, such relzted materizls will be present as minor impurities in the
2,4,5-T acid. Several of such impurities have been shcwn to have bio-
logical activity similar to 2,4,5-T.

AtSicwell ew
Sestenber 17, 1976

3
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October 27, 1976

i . FRAON
MR. THURMAN BENNETT, JR. A. E. SIDNELL
teLUT 7CDD CONVINT OF SOIL AND LIQUID SAMPLES T lefLiuzour=..u.w.“A

Several samples were taken and assayed for 2,3,7,8-tetrachioro-
dibenzo-p-dioxin, -

Sample TC0D E;
Ko. Type Location Amount Taken Content o
1 Liquid Effiuent from city
stabilization ponds 2,250 m}, Not detected
2 Liquid Plant effluent at
- ¥ notch 2,300 ml. 0.2-0.6 ppB
3 Solid Sludge from 1ime
pH adjusting pit 150 gm. 14 ppB
& solid Earth from site ‘
40-50 ft. from
1CP operation 197 om. 2.9 ppB
5 Solid Earth from culvert
head {drainage from
TCP area) 160 gm. 8 ppB
= 6" Solid Sweepings from concrete
diked area at TCP
operation 200 gm, 57 ppB

Samples #1 and #2 were continuously extracted via liquid-liquid extractor
for 24 hours.

- Samples £3, #4, #5, and #6 were first dried in air at 55° C., then the
. weighlts shown were exiracted for 24 hours in Soxhlet apparatus.
/.5 J
A. E. 510
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