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VERTAC
24lh Floor •

CMEMICAL COHPORATIOM
5100 PoolT • Mtmphii. TN 38137 •W1-767-6B51

REPLY TO: P 0. BOX f9
JACKSONVILLE. AR 72076
001) 6824481

February 1 6 , 1981

Ms. Roxanne Jayne
Hercules Incorporated
910 Market Street
Wilmington, Delaware 19899
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

A. E. SidwelI.-Th.D.Director of Research
A£S:ew

Enclosures:(History of Trichlorophenol and 2,4,5-T AcidManufacture at Jacksonville, Arkansas - 9/17/76)
(Chemistry of 2.4,5-T Production - 9/17/76)(TCDD Content of Soil and Liquid Samples - Memo,
A . E . S . to T. Bennett. Jr. - 10/27/76)



HISTORY OF T R I C H L O R O P H E N O L AND 2,<,5-T ACID ^.'UFACTURE
AT

JACKSONVILLE, ARKANSAS

Trichlorophenol and 2,4,5-T acid have been manufactured in Jacksonvil le,

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

been r.ade for a longer period at the same location. However, this is written to ;1'"'

provide a history of the production of 2,<,£—trich'!oropheno1 and 2,<,5-T acid. m

Both of these materials have been the subject of recent and contini.inc public ^,

interest. °

As a result of the unfortunate accident in Italy, all manufacturers

of 2,<,5-TCP have been reviewing the safety aspects of their operations. The

facility in Jacksonvil le, Arkansas, has safely produced TCP for many years. The

chemistry design and operation at this facility is considerably different from

that ir, Italy. Althcugh safety controls and operations here are se-.onst'ably

believed to be adec.Jcte, additional controls win be installed. These cor.trols

win totally contain en safety pressure releases from the TCB reactors and water

wash a'll reaction materials fros; the released vapors. The adoed control reasurss

win consist of an additional autoiriatic pressure relief on each reactor, a high

pressure blowdown or catch tank, and a water scrubbing tower.

REASOK-HIll CORPORATION

The plant in which these r.aterials are produced in Arkansas was

orisinany a part of the Jacksonville Ordnance plant which was built and operated

for the Government in the 30's and, early 40's. The P.easor-Hin Corporation,

established in late 1946 by Dr. Lyie 0. Hill, a native of RusseUvine, Arkcr'ses,

and the late Mr. Gerald Reasor, then a Chicago business executive, purchased

the site from the Government. The corporation first began production of cotton

-;r>Si:ti:-:;i CJSI, it late-- i.-.^E-Ced to ether ty?=s of i"se:tic-::£ P-CSL':-:"'] ?-; -
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f ina l ly began making the herbicide. 2,4-D ac id 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 1957 after about a

.year of laboratory work on the method. Al though both 2,<,5-T and 2,<-D are made

by an essential'!,)' similar process from monochloroacetic acid and an appropriate

chtorophenol , 2 .4 ,5- t r ichlorophenol , froni w h i c h 2,<,5-T is made, is more d i f f icu l t

to prepare than 2 ,<-dichlor&pheno1 used in raking 2,4-D.

Lt.2;F.AT5RY STJDY ''"'

Laboratory Wwrk by the author and co-workers was concentrated on

the prepara t ion of 2,<,5-tr ich1oropheno1 as its sodium salt. Though other

cs^.panies already were encc;ed in the manufacture of 2,<,5-T acid at that time,

re^.ctive'ly l i t t l e i n f o r m a t i o n r:as a v a i l a b l e in the form of publ ished cher-ical

l i t e ra ture . Ho'.'.'sver, since one reasonably economical, direct route to prepare

t-is neesec trich'iorcFhcnol invo lves the trecti'ient of sy-Tietrical tetrachlsi-obsr.rsne

( T C E ) with csustic (';cOH) in methyl alcohol (C^OH), this reaction was studied

extensively.

0

Kost of the work V.ES done u s i n g a Fsrr Icboratory pressure reactor.

The reaction needs heat to get started, then requires cooling to control the

heat and pressure generated whi le the primary reaction takes place. Various

h'eicht ratios of TCB, I'.aOH end -.ethyl alcohol were mixed and hected to start the

rccction in the Parr recctor. The result-ing temperatures ar.d pressures deve loped

dur ing the reaction by the different mixtures were noted. Var ious lengths of time

were employed in ageing after the reaction had subsided to ensure completion. The

infonnation obtained was then used to design a method for larger scale manufacture

which would ir.inii-.ize potential danger due to tenperature and pressure and ir.axir.ize

safe operat ing conditions and useful product.

It was decided to l imit the anount of material to be produced in a
•• "

-^.iT^ rei:-^- tC, a C-i.n-L-it,. ,..-,•::••. CC.J'i,; t.£ !-TC-.£^ -^- i:i"~. •:.-.= .-3Ct:rn :.: ;.-.-;Ch ^ • •
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also could be cooled successfully in controlling the heat produced dur ing the

reaction. Essential ly this meant that the reaction vessel must have a volume

to internal surface rat io sized to either add or remove heat rapidly in order

to insure safety.

I N S T A L L A T I O N

As a result of the experimental work and considerat ion of safe

operation, Reasor -Hi l l purchased a 500 ga l lon vessel designed at 350 PS! and

actLiany tested at 525 PSi. The norn.a'1 operation proceeded at pressures wel l

below the design pressure. The vessel was fitted with a relief valve to re-

lease smal l amounts of vapor should the pressure exceed the normal work ing

press-re. After the heat generated by the reaction has subs ided , wh ich can

bs controned by cool ing, the mater ia l must be aged about f ive hours. Dur ing

ac i rg the cor-pound f i rs t forr.ed (a methyl ether of TCP) reacts slowly wi th

t'.£ a l k a l i n e n-.Ethyl a l coho l to forir the sodium salt of tr ichlorophenol, at

the sa^.e time p r o d u c i n g vo l a t i l e dimethyl ether. Most of the dimethyl ether

dissolves in the l i q u i d mixture under pressure, but it has a low boi l ing point

ar.: slo.'.-ly exerts increcssd pressure at the temperature emp'ioyed d u r i n g the

a g i n g process. (Current ly the pressures are controlled well below 350 PSI

c-'ir.s the a g i n g process, and the dimethyl ether vapors are absorbed in a water

scrubber end discharged to waste dur ing d i s t i l l a t i o n , being decomposed by

tccteria in the city sewage treatment plant . )

The vessel was also provided with a rupture disc designed to

relieve well below the vessel test pressure. This permitted sudden reduction

of pressure wi th in the reactor should the pressure dur ing ini t ial reaction rise

unduly above the normal working pressure. The pressure reduction allowed rapid

evaporation of methyl alcohol which has the effect of sudden cooling of the

"i'ctc- -2;s. Such susrisr! c""1ing i n add i t ion to forced external coo l ing by

i.ster ir.-,ediate1y drops the temperature of the reacting ir.ass. The drop in ".w-

psrature prevents the reaction fro!? con t inu ing .
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In addit ion to the necessary tanks, pumps and p i p i n g the vessel

was fitted with recording temperature and pressure measuring devices. These

recorders were placed so that the operator could know what conditions were present

w i t h i n the reactor at a l l tines after the reaction ir.ixture had been charged to

the vessel and fu l ly prepared by checking all valves and bolted closures. The

reactor was si tuated w i t h i n one of three bays h a v i n g reinforced concrete wal l s .

The recorders and al l operating steam and water va lves were p laced in the bay
'•r i

f u r thes t away frc;r; the reactor. " C;

After a reaction was complete and ageing f in ished, the reactor ^

t;c5 allo'-'ec tc cool down from the age ing temperature. The pressure thus was

redJced so that dissolved dimethyl ether could be vented. The reactor prsdiJCt

then cc-ld be pJr-.'ped to a still for the removal of r.ethyl a lcohol wh i l e a d d i n g

an equ iva l en t mass of water, n'hen the methyl a lcohol had been completely re'"sved,

tn& wc-.er solut ion of sod ium t r ichlorophencte together w i th sod ium ch lor ide end

excess caus t i c was permitted to cool to a temperature that wou ld a l low it to

r£-:2in l i q u i d . This l i q u i d was then pumped to a heated storage tank.

i-InCl'.ES INCOP.PD.V.TED

This reactor and equipment was used by Reasor-Hil l without trcub'ie

and by Hercules Powder Company (now Hercules Incorporated) who purchased the p'lar.t

in Dece-iber, 1961, for several years thereafter. After Hercules bcu;ht the plont

al l insect icide production r.as stepped at the site. Product ion was lii-.itsd to

phenoxy-herbicides and various production improvements were ir.ade.

Sometime in 1965 Hercules made a decision to increase the capacity

of the plant for the production of 2,4,5-T acid. This meant that the capacity

for nicking trichlorophenol had to be increased.

Hercules reviewed the production history of safety and efficacy of

the exis t ing procedure for rr.al.irg t r ichlorophenol . After consideration by their ^.

^-.;-;r,i£-ins enc Safey ^epart-.i.-its t'..o cJditions'i reiCturs c-' zhe ££"; ;i3';;-,
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as the original one were instal led. These reactors often were operated round the

clock especially during the period that the Government was requiring the material

ca l led 'Orange ' . ( 'Orange ' was a mixture of about 50-50; by weight of the butyl

esters of 2 ,^ -D and 2 ,< ,5-T used by the mi l i t a ry to effectively de fo l i a t e arees

around their insta l la t ions in Vie tnam.) Since that period, as the demand for

2,<,5-T hes dropped to that of the domestic and foreign markets, all three of

th& reactors hive been cont inued in use as required.

-P^SV^L. I-.:.

Transvaa l , Inc. purchased the plant on October 1, 1971. Under these

c'.-.-ne-s the or ig ina l method of processing has been continued, wi th improvements

in the h a n d l i n g of potential a ir or water pol lu t ion .

D:0;::r. A N A L Y S I S

c

The discovery in 1970 that f ennui ations of 2,<,5-T from various ---,

sources conta in va r i ab l e counts of a h i g h l y toxic contei-.iricnt, TCDD (2,3,7,S-

t£tr£ch'!oroc-; t£- , ic-p-dioxin), prompted the cessation of its use in Vietnam. The

use of 2,4,5-T was restricted and a total ban on the uss of 2,<,5-T h a v i n g a

"h igh ' ' d i o x i n cc-.tsi-it i-.as been iiiipc'sed by the LI. S. Envi i-or.-:£nta1 Protection A;ep;y.

Fortunately investigations by the Aerospace Research Laboratories,

U. S. Air Force, pub l i shed in I-'iay t975, indicate that the d ioxin content of 'Orcpce'

s u p p l i e d to the mil i tary from this plant show an average of less than 0.05 parts

per m i l l i o n of dioxin. Averaged analyses of ScS-iples of 'Orange ' fror, ether

nsr.ufncti.rers n;sritioned in the ARL report ranged from 0.12 ppffl to 14.2 ppni d iox in .

The work done by Aerospace Research employed gas chromatograph-n-Ass spectrum

analysis capable of lower concentration detersci nations than by chromatographic

tiicthod alone.

This appears to confirr. work done in our laboratory covering analysis

of pooled retained sar-ples of 2,<,5-T acid produced dur ing the period January 1?5 .̂.
i

T-^Tc.y. ;'.sy 1;73. CJr -"ir.:-:r.;s r£,.:r-.EC in a leTtE- t: -:;r;..';es 1'.2',^:£-..£:-.-. ;;--;:'
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January 27. 1971 (copy attached} were to the effect that an samples examined for

dioxin by a gas-l iquid chron-.atograph method contained less than 0.1 part per

mi 11 ion. However, as a precaution we have continued routine examination of

pooled batch samples of 2,4,5-T acid and have never found d ioxin present in

amounts greater than 0.1 pprr.. (After the ac id has been converted to an ester

the d iox in content should drop because of the increase in mass of the ester.)

Staples of our 2,<,5-T acid e>:o-.ined as a courtesy by a cor-petitivs

company have a l so been reported to have TCDD content below 0.1 ppm.

D I O X I N SOURCE

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

related d i o x i n s present in the 2,4,5-T acid is the reaction by means of which '
.J

the tr ichlorophenol used is formed. Most experts and the Report of the r;ne1

on Herb ic ides of the President 's Science Advisory Cor-nn'ttee confirn: this view.

Our r-sthod does not appear to produce d i c x i n in s ign i f i can t quantity. However

we have under way tests of var ious waste rr.aterials and recycled liquors

to deterir.ine if these might concentrate d i x o i n and thus be a hazard.

EFFECTS OF EXPSSUR:

The writer has worked for twenty years with various phenoxy

herbicides both in the laboratory and in the plant. No ill effects have ever

been noted. Occasional instances where accidental sk in contact wi th the a l k a l i n e

sodium tr ichlorophenate solut ion, or with raw t r ich lorcphenol d issolved in

recycle liquors, has produced local cheir.ical burns on arms or hands. These lend

to heal wi th in a short time and the skin appears to be quite nonrial after

heal ing . This is also true of many plant workers who have from time to time

over the years been 'burned ' .

^^,^c^^
;r. A. E. £-:..e^
Cirectcr of Resesrch

SEpte-ber 17, 1976



CKEMSTRY OF ?.<,5-T PRODUCTION

The manufacture of 2 ,< ,5-T starts with production of 2,<,5-tr1-
chlorophsnol fron 1 ,2 , /> .E-tetrachlorobenzene, ideal ly by removal of
one ch lo r ine ate" su^s t i t u t inc an hycroxyl rad ica l in its place, with
generation of 2 ns'iecule of sodium chlor ide .

Thus, on pcper,

«»r -L- U

However , the reaction rust be Corned on in e solvent ("isthEnol
o" a glycol) i';hich w i l l psrnrit the niaterials to interact. It is
necessary to he£t t-:£ n ix ture to effect solution of the two reacting
SLb&tances . At the te-^irsture where the tetrachlorober.zene melts, the
C e u s t i c hes loi-sely c isso lved in the a lcohol . This concition pennits an
i r t inc te nixture of the ingredients , promoting interaction.

Study cf the reaction shows that in real i ty caustic reacts with
Tnethanol (and clycol) to prcsuce so-'e '.aOCHg (or KaOCH p-Cr^OK) and water .
The MaO^H, ther. ree;ts es fellows:

•J. —^
L^i - ^CCH. ——7 ^Qc.:.̂  — fh.CL

, „ — : > ."

Once the reaction is started, heat is developed. This heat must be
re-isved or ths prEisure developed,es also temperature of the reacting rass,
w i l l rise rcp id ly . Hith h ich te-peretures many side reactions other than
thct desired can end do occur.

Some of the side reactions ray be i l lus t ra ted as follows:

o^ — A^oaH^ —> ^ -h ^£:



Cr.enii stry of 2,<,5-T Production Page 1

(continued)

where any one of the other chlorine atoms nay be lost and substituted
by a roethoxyl group. This permits of variable snail amounts of

of the desired product.
to be present with a najor Enount

'.'cn-i shindy £r.;n ar:3Jnts of further products of dechlorination
are to be expected.

If te-perature end/or concentrat ion are too h i g h , fur ther reaction
i-.sy result in the for^ctisn of 2 ,3 ,7 ,8- t£ t l -6Ch^orodib^n2C-?-dioxin :

? / '*•''/'/: I • *• W^——

If the teffipercture or coricentrotions E-plcyed ere too high, or if
the te^persture rises out of control, this reaction and autcxidBtion of
the mass can take place.

2,4,5-T acid results •'•re-, the reaction of CICH^COOH and 2,4,C -TCP
as sodium Sells to forra the sodium salt of 2.4,5-T. The free acid is
obtained by acidification. Since the other sodium salts of secondEry
dechlorinction products couple to varying extents with monochloroscetic
acid, such related niatericis win be present as r.inor i-.pui-ities in the
2,4,5-T acid. Several of such impurities hsve been shown to have bio-
logical activity similar to 2,<,5-T.

At:Sid..•en:et»
SESte-ier 17 . 1976



October 27, 1976

MR. THURWN BENHEU, JR. A. E. S1DWELL

•••"•'•".v TCDD CONUHT Or SOU ADD L I Q U I D SAMPLES i i E P L Y i i E O u r s n u r v i i i A

Several samples were taken and assayed for 2,3,7,B-tetrach1oro-
dibenzo-p-d loxin .

Sample
No.

1

2

3

A

Type

L i q u i d

L i q u i d

Sol id

Solid

Location /

E f f luen t from city
s tab i l iza t ion ponds

Plant eff luent at
V notch

Sludge from 'lime
pH adjus t ing pi t

Earth froni site
40-50 ft. from
1CP operation

amount Taken

2.250 ml .

2,300 ml.

150 gm.

197 gm.

TCDO
Content

Not detected

0.2-1.6 ppB

14 ppB

2.9 ppB

5 Solid Earth from culvert
head (drainage from
TCP area) 160 gin. 6 ppB

6 Solid Sweepings from concrete
diked area at TCP
operation 200 gm. 57 ppB

Samples <1 and 92 were continuously extracted via l i q u i d - l i q u i d extractor
for 24 hours.

Si»m|i1';s f3. M. C5. and f6 were first dried In a i r at 5E* C. . then the
weights shown were extracted for 24 hours In Soxhiet apparatus.

//^. J^-/r
A. £. SidweTi

ALS:cw

M'. r. A. r.iJiff, . Ver toc - r',"ninti1s
;','. y.Ti-r'l ' :,n,;| li.i 1 ; - Ark.nrn.iT; roTlutiur

(nulrni .111*1 r rolnnv rnp*^i»rir»"
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