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Douglas Carl Greminger
"Extraction of Phenols from Coal Conversion Process
Condensate Waters'
'ABSTRACT

Condensate water samples from two typical coal-conversion processes

Qere'analyzed for phenols by gas chromatography-mass spectrometry (GC-MS)

and high—performance 1iquid chromatography (H?LC)L Significant amounts
of pﬁenol, dihydroxybenzenes and the trihydrox&bénzene phloroglucinol
were found. 'The presence of avtrihydroxybenzene is particuiarly important
as triﬁydroxybenzenes are extremely resistént to biologiéal oxidation.
'The effects of water-bhasé.ﬁﬂ on the extraétion equilibria of thé
wéakly acidic phenols were studied in.a sefies‘of prCOntroiled batch
extractions of phenol, resorcinol,'ahd h&droquinone,into diisopropyi
ether (DIPE) and hydroqqinQng into methyl isobutyl ketone (MIBK). The
eQuilibrium distribution coefficienf KD decreased sha?ply in the pH range
typical of condensate waters, 8.7-9.8, which is also the range of the
pKa's.of the phenols. A simple model combining the'acid ionization and
:hevphase distribution equilibria fit the déta well.' 
| Batch ‘extractions of di- and trihydroxybenzenes into MIBK and DIPE
éhéwed MIBK to be clearly.a'betterAsélvent than DIPE. The distribution

coefficients in MIBK were an order of magnitude greater than those in

'DIPE, some of which were much less than unity. DIPE is currently usgd

in the Phenosolvan process #p extract phehol from coke-oven and coal-
conversion effluent watefs. Wifh the KD’s measured in this work, calcﬁla—
tions showed that the Pﬁenosolvén-prbcess, as currently run, will not
femove'polyhydfoxybenzenes_from élkaline water solution to the levels ;equired

for further treatment, recycle or discharge of the condensate waters.
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Chapter I. Introduction

- Securing adequate energy supplies for the future is becoming more
difficult. Dwindling supplies of domestic oil and natural gas necessitate

large'imports of fofeign oil and natural gas, damaging the balance of pay-

'ments and subjecting the economy of the United States to the vagaries of

~international politics.

Coal converéion is one way of dealing with this problem{ The United
States has a majorvshére of the‘world coal reéerves. This coal can be
conVerted:to the liquid and gaSeoué fuels and'petrotheﬁital.feedstocks
in hiéh demapd.y Sulfur, nitrogen, and ésh‘are simultaneously remgved, pro-

viding environmentally acceptéble fuels. A majof problem, however, is

‘water use in coal conversion.

A. Foul Water Sources in‘Coal‘CBﬁveréion

Coal conversion both consumes and produces large quantities of water.
A large poftionof the water produced is processécondensafe water, which
isbhighly contaminated with organics, ammonia, and hydrogen sulfide. The
other water streams produced are cleaner. Thé.watér prodﬁced during
methanation iﬁ the produétion‘of substitute naturallgas (SNG) can be used
directly as boiler—feea wafer. AHoWever, the process coﬁdenSate water must
be tréated befbre it can‘be‘releésed; In the arid western states, where
large deposits of low—suifﬁf goal afe located, the contaminated waters

must be cleaned'enough for recycle-into the process.

9

For example, a 250M SCFD (9.79x10 BTU/hr) Lurgi SNG plant, the size

proposed for the Four Corners Area, would produce 2700 GPM of this pro-

cess—condensate water (1).

Similarly, aiSolvent Refined Coal (SRC) plant producing 10,000 ton/day
9 | |

(13.3x10° BTU/hr) of SRC would producevprocess—condensate water at the:



'rage of 700 GPM (2, p. 1065.

In a typical gasifier, shown in Figﬁfe l—l, process—-condensate
wétér is_ébtained from the gas quench step where the hot gés from the
.gasifier is quenéhed and scrubbed with water to remove most of the -am- A
- monia, hydrogen sulfide ahdvorganics. Additional ébndensate comes ffom

the H,-CO shift reactor prior to methanation. In coal liquefication,

2
wéter'produced in. the high-pressure liquefaction reactor and_contained
“as moisture in the feed coal is flashed overhead élong with amménia,
hydrogen sulfide, carbon dioxi&e and the iight organics when the pressure
on the feactor effluent is’iet'down. |
Water.Purificatiqn Associateé has detailed water requirements for
'gasification and liquefaction plants plannéd for the western United
States (2). ‘Water is needed for ash control. and disposal, coal slurrying
and’revegetétion of the mines; but the major uses are_bpiler-feed.water
and cooling tower make-up, béth requiring.duite clean watéf. Excessive
levels of dissélved solids would caﬁse scaling and fouling iﬁ the boilers
and heat exchangers. Any water-recycle proceés must avoid the addition

of dissolved solids to the condensate waters, as subsequent femoval to

produce high quality water would be expensive. -

B. Condensate Water Analyées
- Tables 1-1 and 1-2 list tYpical water adalyées for coﬁdensate waters
from Synthane gasification and SRC liquefaction procesgés, respectively
(2, pp. 265 and 267). The high levels,of ammonia_make the waters alka- BN
line,'énd, with fhe_diséolvéd carbon diéxide; buffef the waters so that
| pH adjustment in a Qater treatment procéss would require large éﬁounts
of chemiqals.v | | o |

" The figures listed in Tab1es 1-1 and 1-2 do not adequately reflect
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Table 1-1. Standérd_AnalySes of Synthane Gasification Process

Condensate Water?

(A1l vaiues’in ppm except pH)

pH

suspended éolids

A'phenols (as phenol)'

CODb

thiocyanaté
cyénide
ammonia
éhloride
carbonate
bicarbonate

" total sulfur

I1linois No. 6 ‘WYOminé Subbituminous “
Coal o _ » _ Coal - 7
8.6 : o 8.7 T
600. _' | 10
2600 | DT 6000
15,000 - ' 43,000
152 .v‘  : 23
0.6 o
800 | 9520
500 -
6000 - - -
11,000 o ' -
1400 . R

after Forney, et al., (3),_as reported in (2)

~chemical oxygen demand



Table 1-2. Standard Analyses of Solvent Refined Coal Process

a
Condensate Water.

"(all values ppm except PH)

~ Coal
- pH

total carbon

total organic carﬁoh.
inorgaric éérbon

Cob

phéhéls (as phEnox)
totél Kjéldahl N
total ammonia as N
cyanide as CN

total'sulfur as S

a values derived from (2)

'Kentuckz
8.6
9000
6600
2400
43,600
5000
8300
7900
10

10,500



the watér quality, ‘because of anaiyticalIShortcomings. In particular,
" the phenol concentrations were measured via a colorometric methodAinvolving
reaction of.phenols‘with 4—aminoantipyrene aﬁd potassium férricyaﬁide, a
:sfandard analysis for phenocl in waterv(é)f[ Howevér, this method is highly | A
 approximate for substituted phénois, as différeﬁt phenols will form dif-
ferentiy coloréd dyes, and some of the para-substituted bhenols will ﬁot
react at all (4);'_No specific:mention is méde of the reactivity of poly-
hydroxybeﬁzenes in the despcription of this test, but similar behayior
‘should be expected. A few other sources give a moré detailea/breakdown
" of the orgénic contamiﬁénts in fﬁe waters. Table 153 shows the results of
an early mass specﬁrometric analysis of é coal»gasificétion wastewater‘
[after Schmidt, et al, (5), as reported'in (2), p.v264]. Latervwork“by
Ho, et al (6, 1976), presented in Table‘l-é,-does not show any dihydroxy-
benzenes in Syﬁthane waéer. .However, ﬁhié éould be due to the analytical
‘méthods used? It was found in tﬁe present work thag analysis by gas
chromatography, with.conditions‘similar to those_used by Ho, et al, and
the samé'Tenox-GC column packing, failed to.elute dihydroxybenzenes at :
all, while substituted monohydrékjben;enes did elute reasonably weil,
Researchers at Exxon, devéloﬁihg the'E#xon Dopor,Solyent (EDS) iique-
féétion pracéss do report large concentrations of dihydroxybenzenes (7);.
their results are presented in Table.léS._ |
The great differences iﬁ reported condensate water éomposition stem <
~fromva number of f;ctors. The pilot plaﬁts supplying the water sampleé
are expefimental units, so that operating conditions aré béing varied,:
producing condensate waters that could alsblvary in qompésition. The
samples may.have'been ﬁaken Before SteadyQState operétion waé achieved.
Different coals haVe»différent coﬁpoéitions,'so tﬁat évén when converted

Y

by the same process under the same conditions, different condensate waters



Table 1-3. Component Analysis of Process Condensate Water from

the SynthanerGasification Process®

(All values in ppm)

phenol

cresols

- C '—’phenols

C3 - phenols
'diﬁydric'phenolsi
benzofurahols\'
acetbphenones -
hydroxybenzaldehydes
naphfhols

indenols

biphenols
kbenzothiopbenbl
pyridines

indoles

a afterchhmidt et a1,.(5), as reported in (2)

Il1linois No.
Coal

6

Wyoming Subbituminous
~ Coal

3400
2840
1090
110
250
70‘
150
60
160
90
404

110

4050 -
2090
440
50
530
100
110
60
80
60
40
20
120

20



Table 1-4. Major Organic Constituents of Synthane Process

- Condensate Water

Component - | » . e Concentration (ppm)

Phenols

phenoi ' ‘ ' _ | » 2100 -
m-, p-cresol | ' '  1800
o;é;ééél R o 670
.2,5—dimeﬁﬁy1phenbl | : : 250
3;5—dimetﬁylﬁheﬁol -. . | .}I: 230
3,4-&imethylph¢ﬁoi o o " 100
2;6;dimethylphenol' ' B g 40

_ Z;S—dimethylphenol ' ' : 30
oféthylphenpl o _ .,b 30
B~naphthol- . B o _30 
a-naphthol . | - | - 10

Carboxylic Acids

" acetic acid . ) 620
propanoic.aéid ‘ o v . o 60

 n-butanoic acid . o 20
n-pentanoic écid _ lb_
nfhéxanoic acid o 20

2 values derived from (6, p. 489)



Table 1-5. Major Organic Constituents of Exxon Dover Solvent

(EDS) Liquefaction Condensate Water®

- Component

propanol

- acetone

MEK

acetic acid

propanoic acid

isobutyri¢'acid
n-butyric‘acid
pentanoic (valéfic)ﬂacia
phénol

o;cresol_

m-, p-cresol

C +~phenols

2

resorcinol

c
.others

total organics

8 values frdm (7, p. 153)

average of 4 analyses

¢ predominantly substituted dihydroxybenzenes

Concentration (ppm)

b
Average

230

770

160.
2130

2790 - .

300

840

420

12130
135
1320
1310
3830

5600

26,900 .

Range
v 137-349

-590;1070'
114-221
15049-10,019
1970-3737
230Q412'
576-1141
233-663
1638-2390
93-216
 944-1579
696-1977
2674-4366
3905-7006

22,775-34,056
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Qill be.producéd{ Also, low—temperature.liqueféction and gasification
 processes with Short'fesidence times_tehd to éroduce dirtiér waters than
. higﬁ—;empérature-gasifiers‘(2, pg.. 259). 1In,addition to actual changes
in water composition, the analytical methods used alsq contriEute to the
confusion surrounding}tﬁe concentrations and ideﬁticies of the;phenols

present in coal-conversion condensate waters.

C. Current Treatment Technology

Biological oxidation_is the standard method of wastewater treatmeﬁt.
waever,vthe_high concentration of phenols in coal;conversion process
éondensaté wéters requifesvhigh ailuﬁion, eﬁen with phenol-édaptéd béé~
téria,.to prevent;the death of ﬁhé bactefia. The'high éoncentrétiqn of
ammonia also presents a toxiciﬁy'p:oblem, réquiripg either aﬁmonig;
stripping‘pretreatment or dilution. Accémpaﬁying phe high dilution aré
High,capital requiremeﬁfs and’operafiﬁg COStS,Zéﬁd in aiid areas, the
lack of dilution water.

Ihése facters, along with a'phenol producﬁ éredic, maké recovery

' proceéses attractive. The Phenosolvan process, a proprietary Gerﬁan-
process developed in thé 1940;3; is usédrcommerciélly to_tfea; coke

éven wastewaters and is used on some épera;ing gasifiers (8). Coke: oven
~ waters are similar to the coal4conversion>éondensate Vaters except that .
the latter are produced at aimuch higher rate and contain mére phenolsl
and large amounté.ofrdissolved'carboﬁ.dioxide. Because of théir smaller
water output, and because coke'ovens are notvusuallf located in arid
areas, lime can be added to the coke oven wastewaters to release ammonia
for more complete stripping withdut producing a dissdived-solids problem.

Figure 1;2 is a flowshée@ of.the Phenosolyan processv(l,8)f The,

gravel bed filter removes a large share of the tar and particulates,
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12
but the-process must still be shut down every six months to remove tars

" and particulates from the heat exchangers and distillation columns (9).

Diisopropyl ether (DIPE) extracts phenol from the water in a series of

mixer—settlers; The solvent is recovered from the extractvby distillation

with the crude phenpl product further stripped to remove residual DIPE.
The raffinate is nilrogen-stripped to remove residual DIPE in a coﬁplex»
thfee—column system, with the nitrogen then phenol-scrubbed to remove -

the DIPEVand thén_gcrubbed with the feed water to remove the crude phenol,

-

before being returneé‘to the raffinate stripper. After nitfogen~stripping,.

the raffinate then proceeds to the acid gas and ammonia stripping oper-
ations.
Values of the equilibrium distribution coefficient KD, which is de-

weight fraction solute in organic phase
weight fraction solute in water phase

fined as , for phenoiland'the—
dihydroxybenzenes between DIPE and water (10), presépted in Table l—é,
raise doubts as to the ability of DIPE té extract dihydréxybenzeﬁes
adequately in_planfs designed to extract phenol. ' After treatment with
‘the Phenosolvan process, ther waters must normally be treated biologically
to.remove the last traces of thé phenols. However, trihydroxybenzenes
are known to bé extremely resistant to biological oxidation (11),'and,

if present in the condensate waters, could prove very difficult to remove

since their KD's should be even lower than those for the dihydroxybenzenes.

D. Objéctives of this Work
From the questions surréunding the condensate water compositions, the
first objective of this work was formulated: to analyzé representative
coal—conversion process condenséfe wateré-fbr phenéls, particularly the
hydroxybenzénes. fhis woﬁld réquire the development of an anélyticél

method to measure the concentrations of phenols in water solution directly.



Table 1-6. Equilibrium Distribution Coefficients (KD) of Hydroxybenzenes‘

,o Between DIPE and Water at 293°K°

) Solute . _ KD
phenol o - - 28.9+41.7
catechol . : 4.240.2
resorcinol B o 1.9i0.l
‘hydroquinone | e _i.6i0.2

2 from (9). Based on measurement of water phrase

concentrations only, before and after equilibrium
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The analytiéal_method'sﬁould aiso be suitable'for'routine analysis of
single-soidte phenolic solutions from the éxtraétion studiés‘fd be per—"l
- formed ‘in thejéecond.part of this work.

From the-qﬁestiﬁns cdncefning polyhydfoxybenzenes apd the Pheno~ o ey
soivan-Pfocess, the second objective was formulated: ﬁo study ﬁhe é#—i'
traction of the ﬁarious phenols:themgelvés. Since éhenols are weak acids,
extféétion-from water should invqlvé acid-base as well as distribution

requiliﬁria, and- the effectsvof ibnizatién of the phenols could'bé impor-
tant in thg alkaline condensate waters. Thus itﬂwas decided to méésure
' the‘KD'é of some representati?e phenois in DIPE as a function of pH to
devélop an understanding of these two equilibria. DIPE was studied.
‘since any prd;ess developed must compete‘withrthe PhenosolVan‘proéess,
which uses-a DiPE solvenﬁ. Additional exﬁraction experiments woula ﬁhen
'bevmadé'fo find a bétfervéolvént than DIPE fér recovery of phenols from
' water._'

Among the phenols, interest cenﬁered about the polfhydroxybenzenés
because of the quesfions about their biddegradability ahd-extractébility
raised in the previous section., Also, data fepotted by Won (12), listed
in Table 1;7, show that KD's for,methyl—substituted phenols are éignifi-
¢cantly higher than that of the parént phenol. The analytical-methods
development and thé solvent selection»wére directed tbwards the poly-
hydroxybénzenes, as they would bé‘more polar and harder to extract. _' -

Table 1-8 lists the hydroxybenzenes studied and their structural formulas.



Table 1-7. Distribution Coefficients (KD)'for Phenols Between Water

and Two Organic Solvents at High Dilution at 298.15°k?

Solute

3,5-dimethyl phenol

~ m-cresol

phenol
catechol

resorcinol

8 values derived from (11)

Bugyi Aceﬁate
| 540 |
153
65'
13.2

9.9

MIBK
814
264
110
20.3

15.2
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Table 1-8. Common and IUPAC Names and Structural

Formulas for Various Hydroxybenzenes

Common Name

“phenol

catechol

resorcinol

hydroequinone .

- pyrogallol

hydroxyquinol

" phloroglucinol-

‘ hydroxybenene
l,2—dihydroxybenzeﬁe

1,3-dihydroxybenzene

IUPAC Name S Structural Formula

OH

OH

1,4—dihydrdxybenzene
1,2,3—trihydfoxybenzene
1,2,4-trihydroxybenzene

1,3, 5-trihydroxybenzene

v
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',Chaptér II. Experimental Procedure

A, Methods Development
A major problem with the process condensates was finding a reliable

analytical method for the individual phenols. For the extraction studies,

" an analytical method was needed that did not require elaborate sample

preparation, as each step increases the chance of error and lengthens the

time required for analysis. Characterization of the process condensates

could use more elaborate procedurés; as fewer samples needed to be analyzed.

A.1. Gas Chromatography

Because of instrument aQailability and opefating experience, gas
chromatography was investigéted first. PorapakR porous polymeric
packings, available from Varian, of Sunnyvéle, California, were designed
to separate polar organic compounds in water SOLutionf Porapak Q, the
least polar.of the series, Qorked well for phenol itselfvand the methyl-~"
substituted monohydroxybenzenes. But even wheﬁ it was used at 240°C,
near its temperature limit of 250°C, the diﬁydroxybenzenes eluted.vefy
poorly, giving a very low peak that tailed for hours.- The column tem-
perature of 240°C is still 1less thaﬁ the béiling points of the dihydro-
xybenzénes, which fange'around_280°C.

Tenax—GC}( also available from Varian, another porous polymeric packing
similaf‘to the Porapak packings but with a much higher temperature iimit
(375°C), was tried next. It behaved differently, retaining polar compounds
lesé than Porapak Q. Compounds seem to be retained strongly until certain
threshold temperatures are reached. This ﬁakes-Tenax—GC bettef suited to
separations using teﬁperaﬁufe programming than isothermal operation. This
packing did not elute the dihydroxybenzenes at all, even at 350°C.

The dihydroxybenzenes did not elute, but .the corresponding
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dimethoxybenzenes eluted well. For qualitative analysis of the COn—v
densate.waters, the methyl éﬁher deriVativés of.theidiﬁydroxybenéenes were
‘ﬁaderusing dimethylsuifate.- This procedure met with varying degrees of
suécess;, It did allow identifiéation of the methyl eﬁhér'dérivatives_

~of catechoi (1,2-dihydroxybenzene) and i,S—dihydroxy—z,3—dimethy1~

benzene using a gas chromatograph;mass spectometer (GC—MS). ‘The methods»
used" are déscribed more fully in section B.1l.

A.2. Liquid Chromatography

It was apparent that derivatization, folldwéd byrgas chfdmatagraphy,
would not be uSeful as a routine_method of»énalysis.v High—perqumancé v
1iqﬁid chromatograﬁhy (HPLC), however, is well suited toiseparationé of
nonvolatile materials. Seﬁération is aghieQedbby making use of the dif-
ferences'between the molecular interactions of the solutéé within pwo
immiscible_liquid.phases, one mobile and ohevaffiXed to a solid support.

The most basic HPLC inétrument consists of a single high-pressure
pump that pumps a conétaﬁt—composition_mobile phase through a chro@ato—
graphic column and then a détector.v Samples are.injected_inté fhe mobile
phase at the column inlet. This is known as an isécrétic (éoﬁstant'mobilé—
phase composition) system,

A more'usefui system involves gradient elution. Two pumps pumping
different miscible mobile phases are controlled tovgive'a mixed mobile
phase whose comﬁosition Qaries accordiﬁg to the program used by the solvent
programmer. Gradient elution gives the same control over peak shape
and retention time that temperature prdgramming does in gas chromafography.

An isocratic system was used in this-work, copsisping.of‘a Spectra
Pﬁysics injection Qalve and Model 740_pump;,a Waters Associates Model

‘27324'reversé;phase uBOndapakR C,, column 300 mm long and 3.9 mm in

18
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diémeter, and a Waters Associates M&dél 440 Ultraviolet Absorbance Detector
operating'ap 254 ﬁm;

.bThere are twd typesAof liquid?liquid.chromé:ography. Normal-phase
cﬁrométograpﬁy is when the fixed phase .is polar and the mobile -phase is
nonpolar. In reverse—phaée chromatography; the fixed phase is nonpolar

and the mobile phase polar. The fixed-phase liquid can be either coated

" on the solid support or chemically bonded to it. The chemically bonded

packingsvhave the advantage that contaminants can be removed by solvent

‘washes that would strip the fixed phase from a coated support.

Normal-phase HPLC is used tp-séparate nonpolar compqunds. The
highly polar fixed phase accentuates the small aifferénces in the polarity
of the solutes. Nonpolar or slightly polar_solveﬁts like isoéctane or
dichlorqmethane are coﬁmdﬁly used.

Reverse-phase HPLC ié.used to separate polar compounds. Here the
fixed phase is nonpolar. .Sﬁrongly_polar solutes Have;higher affinities
for the'ﬁolar mobile pﬁase than weékly polar or ﬁonpolar solutes do,
and have lower affinities for the nonpolér fixed phase thanbthe weakly
polar or nonpolar solutes do, and thereby élute first. Polar-solvent
systems like methanol/water or acetonltrlle/water are commonly used.

If a polar column were used to try to separate ‘polar solutes, the leed
phasersolute interactions wouldvbe so strong that the retent1on times
wouid be too long.

With these.ideas-in mind, a Waters Associates MBondapak 018 bonded
rgvefse phase cqlumn was sglected to sepérate the phenols. The Cl8 |
columns are versatiie reverse-phase columns and have been previously used

to separate polyhuclear aromatic hydrocatbons (PAH) (29) as well as

_phenols.
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In HPLC, ‘the nature of the.mobile phéSe plays a much more impbrtant
role than in GC. IﬁStead of ehangihg temperatures'and columns to alter.
separations, as in GC,hthe mobilefphase compositioﬁ is:chenged.. In tHis
work, the methanol/watervsystem was-choseh as the mobile phase to ecﬁieve
separation on the reversed-phase column as methanolvwae more readily
available,_less expensive:andbless to%ic than acetonitrile, which is-often
used because itsvmiXtures with water possess a lowet viscosity. The water
portion of the moBile_phaSe was protessea by a Milli QR system, manu-
factured by Waters AsSociatee;'to remove particulates; organic and inor-
ganic solutes by depth flltratlon, carbon adsorption and ion exchange,‘
'respectively. The spectral grade methanol used was obtained from Mathesoe,'
Coleman & Beil; and wes:used as received.

Modern liquid cﬁromatography'has achieved high levels of petfermance
- through the use of sﬁallfsiZe‘packing'particles, typically 10 pym in dia-
meter. . Theotetical plate'counts can be as high as 9000»theoretical ﬁletes
per meter. Unlike some operating regimestof gas cﬁromatography; the
apparent plate counts of the peaks do not decrease with increasing moblle;-'
. phase. flowrate, being only a weak functlon of flowrate. Higher- flowrates .
will give faster analyses, bgt because_of the.small'packing particle size
result ih high pressure-dropS’which increase pump wear, pressure drops
should be kept below:about 200 atm. vFot trace analysis, slower flows are
vesed'which-allow more time for detector tesponse.

Care.should be taken to keep.the efficiency high and the pressure
dtop low.r'The column is packed at less than maximum>density. : Pressure
surges can compreSs_the packing, caueing chaﬁnellihg and thereby irre-

: versiﬁly reduting.column efficiency. Therefore mobile phase rates should

not be changed at rates greater than 1 ml'min~
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Similarly, mobile-phase composition should not be changed too quickly.
Heat-of-mixing effects could cause the’pécking to shift, resulting in

channelling. When one is changing mobile phases, a 50/50 mixture of

the two should be used te flush the pump and then be pumped through the

column until breakthrough occurs. For gradient-elution systems, a two-
minute linear gradient would be sufficient .
Because of the small packing particle size, all samples and mobile

phases had to be filtered to prevent column plugging. The mobile phases

‘were degassed while béing vacuum'filtered.‘ Degassing prevents bubble

- formation in the pump, which would stop mobilé—pha3e flow, and bubble

formation in the detector cell, which would cause an extremely noisy
signal. Cellulose acetate filters with a 0.5 um pdre'size were used
to filter the aqueous mobile phases. As cellulose acetate is soluble

in methanol and other organic solvents, all organic mobile phases were

“filtered with 0.5 um fluorocarbon filters.

Samples were filtered-thfougth.S Hm fluorocarbon filters;  Water
does not wet fluorocarbon filtefs,'so they had to be wetted first with
methanol before fhe watef samples woﬁld pass through the filters.

Solutes not eluted by the mobile phase wbuld build up on - the
coluﬁn Qhep condensate water or pure-component samples.&ere injected.
These confaminants woﬁld'degrade the’Sgparations. Column contamination
was measured.by its effect on the plate counts of the peaks and by
changes in peak shape. Residencé times were not‘greatly affected. If
the peaks started:tailing or became broader, the theoretical plate count
was checked.to see if it had decreased. Appendix B gives a sample
calculation 6f the platé count using the 5 0 method.

The contaminants were removed from the column after each series
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of analyses by a numberubf washing methods. First, to avoid sﬁdden

mobile-phase cohpoéitibh changes and to flush cofrosive buffer.éolutidns

out of the pump, a 50 &ol. % solution of'méthénol in water was pumped

through:tﬁé system. This was followed by a 100% methanol mobile phasé | P

that eluted most of the contaminants. If furthef washing was desired,

:fouf or five 2 ml injections of dimethylsulfoxide (DMSO) could bé.made

intO'thé pump suctioﬁ_while pumping methanéi at 2 ml/min. ThevDMSO _

would femévevpolar contaminants'from the'églumﬁ. The last DMSd injection

was followéd by a 50 ml methanol wash to remove the last traces of DMSO.
A.number of precautibnS'have to be obsérvedehen using- DMSO. First,

DMSO 'is rapidly aBsorbed through the skin,'faking anything'dissolved-in

it directiy into the bloédstream._-All of thése’éhenblslafé toxic énd

the PAH's are carcinogenic so anf DMSC already used to remové column

contaminants could be hazardous..‘Second, DMSO has a high Viscosity;

© If too large a slug is~injected or the 2.mi portions are injectéd too

- clqse tovdﬁe anoﬁher, column ﬁréSsure could éurge,vcompressinglthe column

packing andVCauéing channelling.

,Ahother method was used ‘to remove thé nonpblaf contaminants. vFolldwf
ing a series of'énalyses, ﬁhe column was washed with an elutropicjséries"
of mobile phases, at flow rates of 2-3 ml/min. ;MoBile phases of different
'polariﬁy éould be added to the series, and different amounts of mobile
phase might be heeded, but the foliowing series WOrked well to restore ‘ ST A
column efficiency: first 50 ml of-watef,lfollowed by lOO'mlrdf methanol,
then 100 ml of dichlorbméthane,.followed.by 100 ml of n-heptane, and
theﬁ back to methanol with 50 ml of dichiotométhane followed by 50 ml
of methanolf: One thing .to remember'wheh‘washinngith an elutropic series

is that adjacent mobile phases must be COmplételyimiscible,bwith 50/50 - .
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‘mixtures used in between.

The importance and presence of the column contaminants was learned

" after a column had beeh irreparably damaged when the accumulated con-

taminants from a series of wastewaterAanalyses remained on the_column
for a‘long time.. Apparencly enough oxygen wéé present in the mobile
phase to.allow oxidationtof tﬁe phenols, producing an insoluble product
that destroyéa column efficiency and inc:easéd'column preSéUre drop
tremendously; Thé contamination could not be removed with DMSO or an
elhtropic mobile-phase.wash.

" The column is normélly'stored with a methanél mobile- phase. If

the column will not be.used for an extended period of time, it should

. be removed from the instrument and stored as it.was shipped, with a

small bellows of methanol)ﬁéter mobile phase attached to keep the column
wet. If the column dries out, it will_bé_rﬁined.l'The methanol/water.
mobile phaSe,also prevents bacterial growth.

Severaivdifferent detectors are currently avéilable for HPLC use.
Refractive index detectors will respond to almost any soiute but are
not as sensitive as Qltfaviolet (UV) absorbance detectors. These can
be either fixed-wavelength or variable-wévelength.‘ Most of the poly-
hydroxybenzenes have absorbance maxima near 280 nmn, which‘is a fixed
wavelengthjavailable with the Waters model 440 detector.Whén.the pfoper
parts are installed. .The_aneiength uséd in the analyses fér this work
waé 254 nm. The phenols absorbed sufficiently at 254 nm for the experi—.
ments perfotmed. A variable—wavelengfh detector wouid,be extremely
useful, as interfering.peaks-could‘be removed by opera;ing'at different
wavelengths. |

Fluorescence deﬁectors are also available; These are an order

of magnitude more sensitive than the absorbance detectors, and are
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useful in the analysis of PAH's, expected to be present in oniy trace
quantities in the condensate waters.
Further information concerning column and'mobile—phase selection

and analytical techniques can be obtained elsewhere (14).

B. Condensate Watér Analysis

Detailedvexperimental conditions and equipment used in the analysis
of Synthane gasification and SRC_liqueféction condensate waters are
described iﬁ this section. The coﬁdéﬁsaﬁe waters were kept in cold
storage at 4°C, away from light.

B.1. Analysis by Gas Chromatograph - Mass Spectrometer

As ;he phepols wouldlnot elute directly using gas chromatography,
methyl ether derivatives were made ﬁsing dimethyl Sulfate (CH3)2804‘
and NaOH‘by the procedure described for.the synthesis of anisole |
'(méthyoxybenzeﬁe)(lS). Because the phenols will oxidize under Basié_
Eonditioné in the presence of oxygen, the condenééte water samples’

- were nitrogen-sparged to remove dissolved 6xygeﬁ'befofe the NaOH was
added.'fAftér reagent adaition,’the'reacﬁion mixture waé refluxed
oVernighc. Ammonia and low molecular weight amiﬁes.were released ffém
the condeﬂsafe water samples by this procedure, as evidenced by a.fishy
| smell and fhé-highrpH indicated by dampened pH tesé paper plaéé& at

the outlet of the reflux condenser (16)7

After reaction, ﬁhe mixture was extractéd with ethyl ether to
concentrate the methoxybenzenes. The ether extracts were analyzed on
.a Finnegan Model 4033 GC-MS (17) using-a.lo m x 6.35 mm OV-101 column
operéted with a lihear temﬁerature program of 50°C for two minutes,
50° - 200°C at a rate of 5°C/min and then 200°C'for 20 minuﬁes, Peak

identification was performed with the system's minicomputer.
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An attempt was made to quantify the results by derivatizing pufe—

component water solutions of the phenols to get reaction yield. A GC

equipped with a flame ionization detector was used, with external stan-

dardization.

B.2. " Analysis by Liquid Chromatograph

Before filtration, 10 ml condensate-water samples were passedvthroﬁgh
Cl8 Seb?paklkcartridges, available ffom.Waters Associates, ;6 remove
nonpolar,COﬁtaminants like grease and oil. Anybhydroxybenzenes retained’
by the Sep;pak werevelutéd with 2 ml of water.

By trial and efrOr, a mobile phase of 25Avol_%,methanoi in water

was found to separate the dihydfoxybenzenes. The water was buffered to

pH 3 with 0.005 M H PO, and 0.04 M KH PO, before addition of the methanol.

2774

This suppreséed the ionization of the phenols and reduced péak tailing.

The‘trihydroxyben;enes were not adequately separated by this mobile
phase, as shown .in Figure 2-1. At this cdmposition, pyrogallol
(1,2,4—trihydrdxyben2ene) and‘hydroduinone (l,4—dihydrqubenzene) co-
eluted. Pure water buffered to pH 3 did spearate the three trihydroxy-
Benzenes with.soﬁe_overlap of the phlérogluciﬁol and:hydroquinéne peéks.
At this composition, though, the remaining twb_dihydroxybenzenes co-
eluted, as shown in Figuré 2-2.

Sﬁort—chain organic acids are élSo fouﬁd,in these condensate
waters_(i8,6). These Have UV-absofbance'méxima near 208 nm. In an
effort to separate the acids from the trihydroxybenzenes also expected
to be present ip the waters, a pH 7 buffered water mobile phase was
tried. .The pKa's of the acids are around 4.5 to 5 while those of
the phenols range from 9.8 to 10.3. At bH 7 the ionization of the'

phenols would be suppressed and that of the acids promoted, thereby
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ihcreasing'the polarity difference of the compounds and their separation. -
It was found that the separation between phlofogiucinol and'hydroquinone
suffered at pH 7 and that the organic acids did not absorb at the 254 nm

wavelength used. -

C. Equilibrium Measurements

C.1. Batch Extractions

Equilibrium distribution coeffiéienps (KD) were‘measufed fér'poly—
hydroxybenzenes distributing between water and.diisopropyl ether (bIPEi,
and between water and methyi isobutyl ketone (MIBK),Viﬁ a series of'bure-
compOnent'gatch extractions.at 25°C." The effects of pH on these eqﬁilibria
were studied by contrélling thé watér phaSé pH with KOH.

As it was observed that basgc Qater solﬁtioné of the phenols
would darken and form precipitates Whén exposed tb air, the extréctibns
were performed uﬁdervﬁitrogen in magnetically-stirredvglaSS‘bottlég séaled'

“with éeruﬁ sfoppers. The water and the solVeﬁt wefe nitrogen-sparged to

remove dissolved oxygen and saturated with each other before the solutes

were added. Syringes were used to transfer feed solutions into the nitro- '

gen-purged exfractor bot;lés_and to withdraw samples fof analysis.

'Acidic water solutions of phenolé-did nbt»darken and degrade, exéept
for the tfihydrdxyﬁenzenes, whiqh did, albeit'slowly.> As a result,
extractions performed at low pH, excepf for the trihydroxybenzenes, wefe_
‘not performed under nitrogen;. Water;phase samplés of the highér pH ex-
tractions énd tﬁose frombtpe trihydroxybenzene extractions Qere‘écid;
preserved with the addition pf a‘feﬁ afops of 6 M HCI.

'After-extraction, three samples were £aken: -organic-phase and
Qéfer—phase samples,. both for:solute concentration measurement, and a

water—phase sample.for pH measurement. The 10 ml pH sample was diluted



with 20 ml of distilled water for ease of measurement on a Cérning Model

_12vResearéh pH Meter previously calibrated in the expected pH range of

the sample with standard buffer-solutibns. The change in pH with dilution
was small in most cases, as shown by calculations in Appendix C.

Corrected pH's are reported in this work. The other samples were

-diluted for ease of measurement or acid preservation’of the sample.

Thé feed cdncentrations, along with the equilibrium phase concentrét;ons,
were measured and used to calculate a solute material-baiange closure
errof that gave an indigationAof the accdrécy of the results. As both
phases were saturated with,eéch other before solute addition, the dif-
ference in t0t31 phase:weight before éﬁd after eXtractioh due to changes
in:solveﬁt—wéter_mufual sélubiiity caused by the éolute were ﬁinimized,
méking the ﬁaterial balénce calculation more accurate. The details of
thié ;aléulationvaré describéd méfe'fully ih Appendix A.

The solvents ﬁsedvinlthe extractions were purified before use. DIPE
was distilled to remove peroxides and a heavy, UV-absorbing oxidation
inhibitor, most‘likelyVhydrdquinone. The distilled DIPE was stored at
4°C over water to help pfeven; peroxide formation. For the phenol ex-

tractions, 1000 ppm of hydroquinone was added to the DIPE as an inhibitor.

For the polyhydroxybenzene'eXtractions,vit was found that storage at

4°C over water wés suffiéient by itself to prevent peroxide formation.
Peroxides would be a problem as they would oxidize the polyhydroxybeﬁzenes
‘as well as presenting a safety hazard.

After distillation, the DIPE was extracted with wéter.to remove the
light impurities, mostly 2-propanol. Watervextracgion was also used to

remove the light components from thé MIBK. After these treatments, the

v solvenﬁs were analyzed by GC and estimated to be about 99.9 wt. % pure.

f
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C.2. Phenol Equilibria for DIPE/Water

For phénoi distributing between DIPE and wafer, a Ky of approximately
40 was expected (12). For the first few extractions, a synthetic waste-
water containing about 10,000 ppm phénollﬁas extracted. To ieave a -
phenol concentratiqn.in the water phase high enough to be easily
measurable and be near the level found in tne coél—converSion process
condensates, 40 51 of watér was extracted by 10 ml of DIPE. Later’eXh
tractions had the phenol dissolved in the DIPE .feed, as less solute was
transferred between phases, nnd measurement érrors were reduced by deéling
with more concentrated solutions.

The sampleé werg-analyzed with a Vérian'l740'gas chromatograph,
equipped with a flame jonization detector (FID) and a 2.4m X_3.175 nm-
‘column packed with Porapak'Q. The'colﬁﬁn témperature was maintained:at
240°C. The helium carrier gas and hydrogen flows were set ét'25‘ml/min5
with air flow at 250 ml/min. |

The samples were_gollected in-taréd bottles containing a weighed.
amount of 95% ethanol. The ethanolvreduCéd the volatility of the DIPE
dissolved in the water phase enough to prevenf loss. 1In the DI?E phase,
the ethanol diluted the.phenoi noncentration to a level easier to measure,
:Water-phase samples weré preserved_with HC1.

| Concentrations were caléulated from the peak areas using the

methods of internal standardization as described elsewhere (19;13). _ . _ .
Experimentally determined FID factors for phenol (1.42), DIPE (1.145
and the internal standard MIEK.(l.ZO);_bésed 6n an assumed FID fantor of

0.99 for methyl ethyl ketone, were used in the anélysis.

C.3. Polyhydroxybenzene Equilibria for DIPE/Water and MIBK/Water

The'polyhydroxybenzenes, being of low volatility,‘were'analyzed by



€
¢

29

liquid chromatography. The prbcedures used différed for the two solvents

- studied, DIPE and MIBK. In both cases, however, external‘standérds

were'uséd-and'the samp1euconcentrations were calchated using peak.aréas
and Béer'é Law, shown to be valid f01;thesolu£es experimentally. All |
samples Werebfiltered'and were acid preserved, except for the éamples
from ﬁhe low-pH dihydroxybenzehe’extractions;

The .differences between-the DIPE and MIBK extractions center around

the orgaﬁic—phase.analysis. In liquid chromatography the samples must be

miscible with the mobiie phase. In the MIBK extractions this was
achieved by diluting the organic-phase sample by a factor of about 20
by weight into a 50 vol. % solution of methanol in water.  However, for

the DIPE extractions, the K,'s were low enough that a diluted sample would

d
be too dilute to be measured. “Also, the water solubility of DIPE is

lower than that of MIBK, making dilution more difficult. .

| The DIPE samples were injected directly. Good repeatability

was dbserved. A separate ether-solution standard of the solute had to

be used as the absorbance of the solutes depended on the sample solvent.
The ether absorbances weré lower. ThisvbathochromiC'shift is probably

due to increased association with water molecules in the water-phase

samples. The ether-phase peaks tailed more also, but this was not a

problem.

The mobile phase used in theAextraction analyses consisted of a
25 vol. % SOlution of methaﬁol in pH 3 buffered water. ‘A'H3P04/KH2POA
buffering system was uséd,.with'concentrations‘of 0.005 M and 0.04 M
fespéctively. This mobilé phase composition would effectively separate
all the dihydroxybéﬁzenes frém each other buf would not separate ‘the
trihydrdxybenzenes. ‘This was not a problem as thé extractions were

carried out in single-solute systems, and resulted in fast analyses.
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Hydroxyquinol
Phloroglucinol
Pyrogaliol
Hydroquinone .
Resorcinol
Catechol

(4 ]
OMDUN —

2]

Column ¢ 3.9mmx 300 mm /,LBondopok Cis

Mobnle Phase: 25 vol % MeOH in
pH 3 Buffered Water, 2ml/min

, Defector . 264 nm UV Absorbance

Injection

XBL795-6294

F- -' . . . . - - ‘ -
Figure 2-1. " Liquid Chromatogram of Polyhydroxybenzene Mixture
Methanol/Water Mobile Phase | ’
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Chapter 1I1. Water Analysis and Discussion

In this chapter the analyses of two coal-conversion process

condensate waters for phenols will be presented.

" A. . Water Sample Sources and Ages

A condensate water sample from the Synthane g351f1cat10n process
l being developed by the. Department of Energy (DOE) at the P1ttsburgh
Energy'lechnology Center (PETC) was,chosen ds typical of the lower-
temperature gasifiers‘wﬁiCh tend to produce highly contaminated waters.:
As typical of the\liquefaction processes, water samples from.the‘Solvent
Refined Coal (SRC) process were obta1ned from the pllot plant in Ft. Lewis,
Washington. SRC is belng developed 301ntly by the Pittsburgh and Midway
Coal Company and DOE. |

To help‘prevent degradation, the samples were kept in:cold'storage
at 4°C, away from light-and air. ~ The Synthane water sample, from_
run-#AO—CHMP—3l7;.was received.on December 12, 1977, after_approximately'
one month in_transit.' The analysis of tne'sample bylGC;MS was performed
on March lO,.l978, when the sample'was about fourimontns old.

The SRC water, Sample #1003, from the Recycle Process Water Tank;
was taken on Novemper 17, 1977. It was, analyaed by GC-MS on March 30,
1978, when the sample was about four and one-half months old Analysis'
for dlhydroxybenzenes by HPLC was performed on August 17, 1978, when the B
sample was nine months old. On March 19, 1979, the-sample was analyzed
by HPLC for trihydroxybenzenes. The sample was siiteen'months old at

that point.

B. Gas Chromatographlc - Mass Spectrometrlc (GC-MS) Analy51s

As described 1n‘Chapter 2, the condensate water samples were derivatized
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and anélyzed by GC-MS. Samples of the coﬁputer output for a methylated
Synthane water are presented in Figures 3—lland 3~-2 and Table 3-1. The
reconstructed gas chrématogram in Figure 3-1 is useful in locating peaks
for comparison with chromatograms from other GC's with different detectors.
Thi§ was impo;tant for quantification of the results, as the‘quadfﬁpole
mass analyzer in fhe MS used does not give quantitative information.
The peak.sizes on the reconstructed chromatogréms did give a rough idea
of the relative abundance of fhe components.

Table 3-1 shows the results for the largest peak in Figure 3-1. The
five compounds inuthe library whose spectra best fit the spectrum of
the peak are listed. The numbérs in the columns under PURITY, FIT and
RFIT are statistical measures of the fit between the compound listed and
the peak. The c¢loser all three numbers‘are to one thousand, the better
the fit.

figu:e 3-2 shows the mass spectrum of the same peak compared with
the spéctrum of the most likely fit, 1,2-dimethoxybenzene, the methyl
ether derivative of catechol. Note thét-the peaks in the plot of the
algebraic difference of the two spectra are small,»indicating a gbod fit.

The other major peaks in the methylated Synthane condensate water
were identified similarly, and are listed in.Table 3—2r Results . for
the methylated SRC condensate water are listed in Table 3-3. The re-
constructed chromatograms and statistical fit data are contained in

Appendix D.

The results listed in the two Tables 3-2 and 3-3 have an important
gqualifier: the mass spectra of some of the structural isomers of the

methoxybenzenes are quite similar. Indentification of the class of

~compound is definite, but its exact identity is not. For example, the
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Table 3-1. Mass Spectra Comparison: Methylated Synthane Water Peak #317
: with Five Best Statistical Fits ' :

LIBRARY SEARCH - "DAHTA: FETHSYNB o 317 BRSE ME: 138
03/108/78 10:20:08 + 15:51 CALI: CALBOMIR o 1 RIC: 96835.
SAMPLE: METHYLATED SYNTHANE WATER .

. 25485 SPECTRR [N LIBRARYNB STPOLKED FI MANIMM PURITY - :
123 MATCHED AT LEFST 5 OF THL 16 LATEEST FEATS IM THE UNKNDUM

RQANZ INT M.PE . ‘ . : o L,
{  61S ESH7ENE. : : N
2 1769 B <,
3 4272 2
4 7oy I
5 ziDToW Tl
QN FrRILA F11d ey @
1 CB.HIC.ZL 334 632
2 CB.H!P.C2 aeg 8es
3 €9.H12,0 583 741
4 CB.HIC.C2 S08 665
S C18.H1E 824 698
mss  INTEuD
- 38 37 : .

29 71 129 es . 6s

41 153 173 . €f ‘ 123

a3 : 368

1) S6 . L

St 113~ €3 S8 ‘

s2 148 114 Bi ‘89 .

53 34  S6 . 4 . 37

54 12 _ : .

55 28 ) &4 €5

62 17 ‘ ,

63 78 51 93 68

64 <e 33 . 92 a3

65 132 134 se ‘ £8

66 13

67 45 59 e . 53

68 ' 25

69’ 2!

74 9 ‘ -

77 - 268 €2 51 56 23

78 41 27 21

73 26 e 117 &5 33

88 63 48 €g 27¢ a3 -

81 8 101 .19t

82 _ . s)

91 3 . .

92 4t 25 se S1

.93 i 3 . T

94 2 26

95 3i3 31 311 262 I7e. 303
. 96 22 66

185 4 o

18?7 : a3
188 12 C L 185

189 z6 89 173

119 €3

121 14

122 17 :

123 387 452 767 455 387

124 3! 36 68 -

125 2

135 6 s
136 0

13?7 4 ,
128 1887 92?7 S37 839 S72. 446

133 ee 84 45 111 115 49 : .
140 6 . ' i
150 3 : ’
152 2

statistical fit parameters
b peakinteriéities of unknown _'

peak intensities of library compounds
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Table 3-3. Qualitative Analysis of Methylated SRC Water by GC-MS

. Compound ‘ ~ Parent Phenol - ~Certainty of Fit
1,2-dimethoxyben2ené " catchol : , good i
lémethoxy-l?methylbenzene p—cfesql : . good : e
me thoxybenzene ' ' ~ phenol : - good

5-methoxy-2,3-dimethylphenol = 1,5-dihydroxy-2,3-dimethyl fair
. behzene
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methyl ether derivatives of all three of the cresols make a good match to

the peak reported as the methylatioh product of p-cresol in Table 3-2,

yet the fit to the methyl ether derivative of p-cresol is a little better

than-the others.

Attempts were made to quantify thé results listed in Tables 3-2 and
3-3. To obtain yields for the methylatidn reaction, pure, single-
component water solutions were methylated and analyzed by GC. However,

the yields in the complex condensate waters were not consistent with

those in pure solution. In particular, the yield for the reaction pro-

ducing anisole from phenol was very low in condensate water, yet very
high in the single-~component solutions. In the condensate waters, the

dimethoxybenzene peaks were much larger than thé anisole peak; yet of

the phenols, phenol itself was present in the highest concentration, as

shoﬁn by direct GC injection of the condensate water (phenol will elute)
and By HPLC analysis presented in section C of fhis chapter.  Although
direct methylation of'fhe édndenSate waters did not allow quantitation
of the phenolic constituents,,itbdid give qualitative identification

very useful in confirming the results presented in the next section.

C. High—Performance Liquid Chromatographic (HPLC) Analysis -

After the GC-MS analysié of the methylated condensate waters had

been completed, the repeated exposure to air had degraded'the Synthane

water sample to the point where it was no longer useful. While the

dark cblqration could be caused by a smaii percentage of the solutes
degrading to ﬁighly—coiored épmpdunds, iarge ampunts of a dark precipitate
formed also. This occurred, even With cold stérage,of the sample, By

the time tbe Synthane.saﬁple'waé eight months oid. |

The degradation of the prdceSs condensate waters with increasing age
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is most 1ikély by reaction with atmospheric. oxygen. .Thé high concentra-
tions of ammonia and phenols'would be toxic‘to’the bactefia necessary for
biologiéaivoxidatipn. ‘The‘polyhydroxybenzenes ére noﬁ likely to be
oxidationvproduéts of the other phenols. The dihyaroxybenéenes catechbl
and hydroquinoné are easily oxidized to o- and p-quinones, réspectively.
The other‘phenols also réact via a ffee—radical méchaniSm tovform highly
cohjugated, ¢olored coﬁpogﬂdé (2?, 28), observed here to haﬁeilimited
water solubility. |
| The SRC water,'héwever, had notAdarkened; bﬁt appeared to be stable
even when not kept cold. The SRC water wés élSo_fouler than thevSynthanev
water,-having a higher hydrogen sulfide content and a higher pH. HPLC
confirmation and quantitétion-éf tﬁevresults obtaiﬁed from the GCQMS pro-
ceeded with the SRC condensate water. | |

Initially the water was analyzed oniy for the dihydroxybenzenés.
The dihydroxybenzene, phenol and éresol peaks}were identified by.ﬁatﬁﬁing
retention times with a standard solution of'the.pure coﬁpounds. CanI
centrations were calcqlated.from the peak areas of the sample and the
standard using Bee;'s law. - |

There were a few problems.with this initial analysis. The peak for.
catechol overlapped with Bthers, prevénting positive'identification and
quantification. Resorcinol wés.found in fhe SRC water by HPLC, yet
the methy].ether derivative of resorcinol was not found in either methylated T
water. This could be due to a yield problem in the methylation of re-
sorcinol by dimethyl sulfate, éimilar'to_the-probiem with phenol. The
three cresol isomers were not resolved by the mobile phase used, 25 vol.
% methanol in water, so an approximate conceﬁtration could be assigned

to them by assuming them to be present in the same ratio as in the
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standard and reporting the results as total cresols. As was explained.

_in'Chapter 1, as the cresols are less polar.than phenol, they will

be;moré easily extracted and therefore were of less interest in this

work.

After the presence of the dihydroxybenzenes in the condensate waters
had been confirmed and their extraction behavior studied, the SRC water-

was then analyzed for trihydroxybenzeﬁes. " The triHydroxybenzenes oxidize

‘even more rapidly than the dihydroxybenzenes when in basic solution and

exposed to oxygen. One would expect that their half-lives in the

condensate waters might be very short, leaving nothing to analyze in an

~ 0ld sample. _queVer, the same could be. said for the dihydroxybenzenes

with respect to phenol, yet ﬁhe SRC water appeared stable. ' Thus it was
decided to anélyze'the SRC water for trihydroxybenzenes. The concentrations
found might not reflect those in a fresh sample, but the fact‘that-they

were present at all would be important.

.Ohe problem with the analysis forAdihydroxybenzenes was not apparent
until later when the SRC ﬁater’@as analyzéd for trihydroxybenzenes. The
mobile phase first used, 25 vol. 7 methénol in water, would not separate
hydroquinone from phloroglucinol. The later analysis used a 1007 Watef
mobile,phase which didureéolve these peaks, reQealing that a peak éarlier
identified as hydroquinpne was in féct phlorogluciﬁoi; confirmed by
spiking and matching retenﬁion times.  The other trihydroxybenzenes
were th observed. .

 Figures 3—3 and 3-4 are sample chromatograms df fhe SRC watef. The

quqﬁtitative»results of the analysis are presented in Table 3-4. The

'phenol concentration is in line with that reported for SRC condensate in

Table 1-2. The presence of the trihydroxybenzene phloroglucinol is quite
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Phioroglucinof
Resorcinol

Catechol (fused peak)
Phenol .
Mixed Cresols

1
2
3
4
5

. Column: 3.9mm x 300 mm u Bondapak Cig

Mobile Phase: 25 vol% MeOH in pH 3 Buffered Water, 2 mi/min
Detector: 254 nm UV Absorbance’
Date: |7 August, 1978

Injection

XBL 795-6296

Figure 3-3. Liquid Chromato.gram of SRC Condensate Water,’ Metha'nol/Watér'
Mobile Phase ' ' ' '
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Column: 3.9mm 300 mm F.Bondopak C,e‘

‘Mobile Phase: I00% pH 3 Buffered Water, 2ml/min
Detector: 254 nm UV Absorbance |
Date: I9 March, 1979 |

Phloroglucinol

Injection

A

 XBL 795-6297

Figure 3-4. Liquid Chromatogram of SRC Condensate Water, 100%
: Water Mobile Phase :
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Table 3-4. Quéntitative Anaiysis bf‘SRC Condensate Water by HPLC

: Compound
phenol
cresols
resorcinol

phloroglucinol

Concentration, ppm

6700
2850
2360

6102

analysis five months later than others
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importént, asvpreVious works (2,3,5,6,7) had made no mentioh of trihydroxy—
benzenes, except tolnote their strong resistance to biological oxidation
(10). The presence of trihydrox&benzenés makes a strong case for solvent_
extraction or somé otﬁer fécovery process to remove the phenols from the
condensate waters, asrother destructive removal methods such as ozonation
have yet to be proVen and are expensive.-

With the ptéseoce of one of the dihydroxybenzenes and one of the
trihydroxybenzenes confirmed, oné‘would expect to find the other isomeric
polyhydroxybenzenes present also. The fact that the onalyses performed ‘
did not detect the othervpolyhydroxybenzenes doeo not necessarily imply
their absence in the condensate waters. With the GC-MS analysis of the

methylated waters, reaction yield'problems probably occurred in the methyla-

. tion of the phenols by dimethyl sulfate, similar to the problem with

phenol, preventing methyl ether formation and subsequent,identification

by GC-MS. With the direct HPLC analysis of the SRC water, the samples

 had aged to the point where phenols present iﬁitially could have oxidized

significantly, oreventing their identification or reducing the levels
found. The SRC water had not darkened, but did have a yellow color

similar to that of an oxidized solution of hydroquinone, which could be

‘one_réason'why no hydroquinone was found by HPLC. With the complex

'chemistry of these process condensate waters, speculation about reasons
for the absence of certain phenols and the presence of others is very
difficult. Now that suitable analytical‘methods have been developed, the

problem of the condensate water compositions can be more thoroughly in-

. vestigated with the freshest possible samples.
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Chapter IV. Batch Extraction Results and Discussion

A. Extraction Model

Phénols are weak acids. - Extraction of phenols from water solution
will ;herefore involve two equiliﬁria: one in the water phase between
.ionized and nénionized phéhol, and the other betﬁeen»the nonionized phénoi
in both iiquid.phéses. Ionization constants at high dilution for the
“hydroxybenzenes of interést are'listéd.in Table 4-1. No data were found
fér hydroquUinol.' As the available data did not-inélude values at 25°C
for all of‘the hydroxybenzenes, some values ﬁere inter§olated usiﬁg fﬁé
van't Hoff equatién;v | |

d 1n Ka -AHr ' » : '.
aa/n. - 'R | : (-1

‘The second équilibrium is described by the distribution coefficient RD;
The two equilibria cdmbine to give the following result (30):
) ; true
K, apparent = p=———— C(4-2)

“Z-+1

- (1] | -

At low pH, where the phgnol is essgntially completely nonionized, the
apparent KD is eqUal‘to the.FrUe KD.‘ As the pH increases, Fhe effects
ofvionizationvwill become more importanF; vNear.the pKa of the phenol,
KD, apparent will be. decreased to‘half-thétléf the low‘pH value, énd
at higher pH will'approach zero.

This-behavior isAsignificant, as the pH éf the coai—con&ersion_précess
condensate waters is near the pKé's‘of the phénols,Adue to dissolved,
ammonia. Because of the lérge amounts of carbon dioxide also dissolved, .

the waters are highly buffered, so unless the waters are first stripped

to remove the dissolved gases, the pH cannot be altered without the

b g



Compound _ - T°C.
phenol ‘ 25
catechol. 20
25 b
30
resorcinol ZOb
25
30
hydroquinone 20b
' 25
30
pyrogailol ) ©25
phloroglucinol . 25

2 from (20).

interpolated (see text)

~N W ~J
. . ce

~N
. .

-

vpKal K.32

9.98

g:ig 8.37x10™ 3
9.81

31?2 4.78x10” 12
10.3
RTEREPRTHTSE
9.01 2.30x10
8.44 1.32x10—9

12 .
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Table 4-1. Weak-acid Equilibria of Hydroxybenzenes at High pilution®

pKaZ

12.1
11.3
12.0

11.6

8.88
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addition of large volumes of chemicals ‘at great expense. For example, a
10 ml sample of SRC condensate water required oné gram of hydrogen chldride
to change the pH from an initial value of 9.1 to 5, the endpoint where

the carbonate evolved as carbon dioxide. At a current bulk anhydrous

k3

hydrogenichloride price of $0.17/kg (21), this corresponds to an acid cost
of $17/m3 ($65/1000 gal) of condensate water. ‘Less e#ﬁensive sulfuric
acid, at $0.064/kg in bulk, .(21) gives an acid cogt.of 38.70/m3
($33/1000'gal) of condensate water, and geﬁerateé’a sludgé disposal
problem in the subsequent lime treatment step pribr c0vammonia stripping.
As a general rule, the chemical cést'for‘wastewater treatment should .

not exceed 10% of the total treatment cost. .The~co$£ of these acidé alone
far exceeds théAtotél cost for a reasonable condensate water treatment
process. ‘Aside from the highvchemicals cost, addition of'ions to céntrol
pH must be discéufaged as it would comppund the dissolved—sélids removal

problem for both recyclé and effluent waters.

B. Controlled-pH Extraction Results and Discussion

Figures-h—l; 4—2, 4-3, and 4-4 preseﬁt fﬁe results'of the fodr‘
éxtraction series'whefe the water-phase éH wés varied. vAsiée'from a few
spufious data pointé.in the phenol exfracfions;.all of the data fall close
to the cufves predicted by Equation 4—2, when thé‘equationvié fit_fo the
KD measured at low pH and Ka is taken from Table 4-1. The effects of
activity coefficients known to be aifferent froﬁ unity in ionic solutions
are ignored in this simple model. This dqés not introduce error intov

the resuits of the controlled-pH extractions ésvthe ionicvstrengths

of the water phasé were low.énough that the small effects of activiﬁy

cocfficient could not be detected with the analytical methodé.ﬁsed.

There could also be a cancellation in the weak-acid equilibrium
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Figure 4-1. Distribution Coéfficient.fof Phenol Between Diisopropyl
Ether and Water as a Function‘of pH at 298°K. Curve from
Equation 4-2 with K =36.5, Ké=l.05x10f10.
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Ether and Water as'a Function of pH at“2987K. Curve from .
Equation 4-2 with K =2.06, Ka=3.36x10'10. o
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Figure 4-3. Distribution Coefficient for Hydroquinone Between Diisopropyl
' Ether and Water as a Function of pH at 298°K. Curve from
. Equation 4-2, with K =1.03, Ka=7.45x10—11.
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Figure 4-4. Distribution Coefficient for Hydroquinone Between Methyl
- Isobutyl Ketone and Water as a Function of pH at 298°K.
Curve from Equation 4-2, with KD=9.92, Ka7;45x10°11.
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expression Eq. 4.3:
o :
_ Y+ [H][A] .
a Ty (4=3)
HA : . N . .

Qhere the mean ionic activity coefficient Yy +, unity at infinite dilution
and less than unity in most ionic solutions beion concentrations~of
6fmolal; is about equal to the activity coefficient of the free aqueous
phenoi, normalizedlin”reference to an ideal'solution at infinice
dilution. Ae the true KD is already a ratio of activity coefficients,
as shown in Appendix C, unless the ionic environment changes drastically,
the crue Kp should remain fanrly constant at low water-phase phenollc-
solute concentration; The net result is a good flt of the model to: the
experimental data.

The range of condensate water‘oH is also'plotted'onvFigure'&—l, the
phenol -DIPE extraction results. .Significant decreases in the overall
KD occur in this range. Because the amount of ‘dissolved NH4HCO3 in the

condensate waters is larger than the amount of KOH used for pH control

~in the single-solute extractions, the effects of ionic strength on the

extraction equilibria would be more important in the condensate waters
than in the single-Component extractions. The higher ionic strength

would decrease Y +, and, by a saiting—out effect, would increase YHA'

“Both of these changes would increase the apparent K » shifting the curves

ipredicted'by Equation 4-2 in Figures 4-1 through 4-4 to the left.
The Phenosolvan process, currently operated.commerciélly to process
coke oven and coal gaSifier'condensatevWaters; uses DIPE to extract_the

phenols. Beychok (1) describes the Phenosolvan process with some calcula-

tions using the Kremser equation (22):
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N+1
-1

o (2

= - — - o (4-b)

Xt (E%_S ) -

where XinAand Xout refer to water phase concentrations, N is the number ‘
of stages, S and W refer to the solvent and water flow rates, respéctively.
The incoming solvent is assumed to be pure. Phenol and catechol, o -

‘representative of the polyhydroXybénzenes,'were assumed to be extracted -

from a Lurgi gasifier condénsate.' Using &4 solvent-to-feed ratio of
.l:lO-aﬁd a Kﬁ for pﬁenol of 20? 99;9%‘removal was célcﬁlated for 9
equilibriﬁﬁ stages. .The Kb qf_20 selected by Beychok accurately reflects
the decfease dde to water phése iohization of thé phenbl and ;orrespohds
to a pH éf 9.8. But ‘the KD’of 7;0 uéedbfpr catéchol'ié much tgo high.-
Table 4-2 lists the hydroxybenzene KD'S measured in this work, both for _ -
DIPE/Water and MIBK/Water systems. In DIPE, catechol has the highest

KD of the‘pélyﬁydro%ybenzenes,,but’even:at 1ow>pH it is only 4.86.

Using the model,-KD for catechol is 1.57 at a pH of_9;8.. Instead of the
catéchol remoQal df 7Q% quoted by Beychok for a solvent—to-feed_ratid |
of l:lO‘and nine stagés,'the removal would only be 15.7%. Removals df
the other polyhydroxybenéenes would be even loﬁer; éo the 60% removal"
fér the polyhydro#ybenzenes quoted by Be?chok is unfealistic. It is

clear that a better solvent for the polyhydroxybenzenes is required.

'C. Solvent Selection

Burns (23)‘has megsured KD's fof phenol distributing betwegn MIBK
and wéter at varioﬁs temper;tures; aﬁd found thé£ KD decrééséd with -
increasing'temperature._ At 30°C, the KD ofVGO is significantly higher
than ﬁhat for DIPE as a solvent. Burné aléo showé_thét significaﬁt

energy savings can be realized using'MiBK to extract phenol from coal-
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conversion condensate waters iﬁstead of the DIPE used by the Phenosolyan
procees. The pgysicai properties of MIBK are such that residual MIBK
caﬁ_be.vecuum steam stripped from the raffinate using waste heat from
the feed water, simulténeously cooling the feed water to‘give a'higher
: KD for extraction. DIPE is not suitable for vecuum steam stripping,
and the Phenosolvan process uses a -complicated three—column inert gas
stripping system that increases internal recycle streams and dlstlllatlon
eolumn‘loads greatly. Figure 4-5 is a diagram of Burns' proposed process.
With this_in mind, it was decided to.investigate fﬁrther the extraction
‘of phenols from water with MIBK. | |
_Referring again to Table 4-2, it ie apparent.that,the KD's for
the hydroxybenienes iﬁ_MIBK are significantly bigher than those in
DIPE. .This can be e#plained in abnumber of ways. First, MIBK, being
a ketbne, is more polar thanvDiPE, an‘ether. As-the"polyhydroxybenzenes
are quite pdlar, they'ﬁould have Stroﬁger dipole;dipole interactione
with MIBK than DIPE. Secoﬁd,_the oxygen in the carbonyl group makes
stronger hydrogen bonds then the ether oxygen does. The carbonyl C-O
double bond donates electrons to the oxygen more readily thaﬁ the‘
C-0 singie bonds in.the ether,‘making the carbonyl okygenmorenegative'
tﬁan the ether exygen and thereby increasing its hydrogen bonding
ability."Alsp, hydrogen bonding is less sterically hindered in the
ketone,'as the hydrocarbon side chains are net ettached to the 6xygen,
as in the ether, but to the carbonyl carbon.
It is interesting to notebthet for both solvents, the_KDfs deerease
by about one order of hagnitude with the addition of each hydroxyl
group, but thet tbe KD's for the polyhydroxybenzenes with MIBK are

about one order of magnitude higher than for DIPE. The fact that the
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‘KD variation among the dihydroxybenzenes.in DIPE is greater than that
in MIBK again reflects_the»directional hydrogen bonding ability of MIBK,
‘as the steric¢ differences of the dihydroxybenzenes are minimized. .

The orderlng of the KD s for the dlhydroxybenzenes can be 31m11ar1y | -

bexplained. .As water is a very polar solvent, polar solutes would be
expected to have lower aetivity eoefficients than nonpolarAsolutes.

"The three dihydroxybenzenes,  arranged in the order of'increasing polarity,
are hyoroquinone, resorcinol and then catechol. On this basis, one would
expect the same order when the dihydroxybenzenes are arranged in the order
of decreasing KD’ with‘the most polar compound having the lowest KD} .But
this is not the case.

Water solubilities give s'better indication of the water phase acti-
v1ty coeff1c1ents. The water SOlubllltleS, in parts per 100 parts water,
by welght, are as follows (24) catechol, 45.1 at 20°C; resorc1nol, 147
at 12°C; and hydroquinone, 6 at 15°C. One would expect the 1east‘solob1e
material to have the highest KD’ giving, in the order_of increasing KD: |
catechol, resorcinol, hydroquinone. However;-this{is not the case either.’

The answer probably is a combination of both ideas, albeitgit'is
still a conjectural argument.v Cétechol is the most polar,‘but hydrogen
bondingvbetween catecholiand water is more sterically hindered than in
the other dihydroxybenzenes. Catechol tends’tO'hydrogen bond to itself.
Even though resorcinol is less polar, the lack of steric hinderence in i

hydrogen bonding makes its water solubility higher than that of catechol.

o

As would then be expected, catechol is more easily extracted from water
than resorcinol.
Contrasted with thls, hydroqulnone has no dipole moment, only a

quadrupole moment. Even though hydrogen bonding is the least sterically
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_ hindered compared to the other dihydroxybenzenes, the lack of a dipole

moment makes»hydtogen bonding with wétér Weaker, as is reflected in its.
Wafer sélubility, the lowest of the three dihydroxybenzenes. One would
theﬁ expect hydroquinone to have the highest KD. But organic phaée effects
are important also. "Hydroquinone, being nonpolar, lacks the dipolér in-

teractions that catechol and resorcinol have in solutions of DIPE and

MIBK. Consequently, it has the highest activity coefficient in the

organic phase. The ﬁet effect is to give hydroquinone the lowesthD.

The increased pélarity and the directional hydrogen bonding ability
of MIBK made it a better solvent than DIPE for extraction of thé_poly—
hy&roXybenzehes.’ Additional increasgs in polarity tﬁrough the use of
différenﬁ functional groups or‘increased numbers of functional groups is
likely to p?ove:counterproductive in.atteﬁpting»to find a better solvent
than MIEK. Water solﬁbility would_increése also, increasing the cost
of éoivent recovery. If the hydrocarbon side chaiﬁs were increased to
lower the water solubility, ;he polarity would drop, negating the gain in
D Separation of:thg solvent from the crude pﬁenolé would become more
difficult as the boiling point of the solvent would be getfing closer to
that of phenol. Thé atmospheric boiliﬁg points of MIBK and phenol are
116.9°C and 181.8°C respectively. Additionaliy, the more complicated
solvent molecule that would result from the attempt to get a betfer
solQent would probgbly be more expensive. Thus, MIBKgappeérs to bé'the

best physically-interacting solvent for the_ektraction-of phenols from

water.
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Chapter V. Summary

This work Was.divided into two ?arts; fThe-first'wasﬁanaiysisvof
fepreééntative coalfconversion'process condensaté wateré for phenois:
particularly the unsubstituted hydroxybenzenes. Thé seéond was investi-
gation of the ionization'aﬁd phase—diStributionvequilibria in the exgraction
of tﬁe weakly acidic phenols from water solution. Sblvént extractibﬁ is
the method currently used to remove phenols from goke—oven:water effluehts
and some coal-gasifier process condensate waters.

Phenol, cfeéols, non- and methyl- substituted dihydroxybenzenes were
,iaentified as methyl ether derivatives Byfgas chrbmatogréphy—mass spectro-
métry, confirﬁing_earlier'work (3,5,6,7). These analysés could not be
quantified'because of methylation-reaction yield inconsistencies.

The Synthane water sample degraded, even with careful storage,
before the anélytical ﬁethod using high-performance liqui& chromatography:
- (HPLC) was developed, éo work continuéd with the SRC condensate water,
which appeared stable. Initial HPLC analysis Qf the SRC condensate water
revealed 6700 ppm of phenol, 2900 ppm.of mixed_creéols; 2400 ppm of re-
sorcinol, and a peak identified in later analyses asvﬁlO ppm of
phloroglucinol. |

’ Sample aging could have led to the total loss Of‘some components and
reductions in the amounts of the others. Fresh,condensa;e water samples
from the Synthane and SRC processes, aloﬁg with sampleé from other processes,
should be analyzed for phenols by HPLC so that tbe removals necessary
for compliance with effluent- or recycled—water,standards.éan be
determined. |
,Thevpresehce of the_trihydroxybenzene phloroglucinol‘ is most impor-

tant, as trihydroxybenzenes air-oxidize easily, which would cause severe
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color ﬁroblems férbeffluent water. Tfihydrpxybenzenes are also extremely
resistént to biological oxidétion (11), dictating remoQal by-otﬁer means.

vBatch'eXtraétions of phenol, resofcihol and hydroquinone into
diisopropyi ether (DIPE);Vénd of hydroquinone into.methylviéobutyl
ketone (MIBK), from ﬁatervatvdifferent pH's'showed that the wéter phase .
pH has é mgjof influénce on the distribution coefficient KD of a weakly
acidic phenol. This effect is accurately described by a simple model
combining the weak acid ionizatiéh equilibrihm in the water phase, having
the‘equilibrium constant Ka,'with the phase dis;ribution equilibrium
between the nonionized aqueous phenol and the.organic phase phenoif

, true | . .

KD; apparent.='ie—~———— (4-2)

| K
[Ht]

At the buffered high pH of fhe coal-conversion condensate waters,
caused by large amounts of dissolved ammonia and CarbonA dioxide, the
resultant reduction in the apparénthD shouid causé problems in tﬁe
extraction of the pheﬁols. Postulation of optimistically high low-pH

values for polyhydroxybeﬁzenes has led to exaggerated projections of poly-

. hydroxybenzene removal from coal-conversion condensate waters by the

- Phenosolvan process, a proprietary process that uses DIPE to extract

phenols from effluent waters. Beychok (1) used a reasonable K, of 20
for phenol, corresponding to a pH of.9.8, and with a solvent-to-feed ratio

of 1:10 and nine eduilibrium stages, calculated a_phenol,removal of

'99.9%, and Qith a KD of 7.0, calculated.a catechol removal of 70% under

the same conditions. Actual catechol removal under these conditions
would be only 16%, based Qﬁ a true KD of 1.6 at a pH'of 9.8. Removals

of the other polyhydroxybenzenes will be even lower, as catechol has the

highest KD between DIPE and water of the polyhydroxybenzenes. With the
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pQIYhydroxybenzenes present. at levels in excess of ZObO_ppm, the Phéﬁo-v
sblvan-pfocess, és run, will not extract thé{proceSs condensate watersv
fo the degree necessary as a-prchrSor to biological oxidation.

The-batch extractions perforﬁed in this work show MIEK to be
cleafly>a bétter'solvent than DIPE for the extraction'of'phenols from
.water. The KD's for polyhyd;oxybénzenes with MIBK are an order of
magnitude higher than with DIPE. In the case of the'trihydfoxybénzenes,
at loﬁ.pH the KD foerIPE extraction was around 0.2; but for MIBK extraction
was around 0.4. In additibn, Burns (23) describes enérgy savings achieved
by using MIBKVinstead.of DIPE for phenol extraction from water solution.

MIBK is probably the best physicél solvent'for the e#traction of
phenols from coal-conversion céndensate Qaters in terms of cost, energy
.efficiency and its lack of reactivify, but mbré work heeds‘to be donef
Process condensate waters will emerge from coal-conversion processes a;
temperatures in éxceés of 70°C. The KD‘for pheﬁol between,MIBK and water
decreasés as the temperature increases (23), and the polyhydrbxybenzenes are
likely to exhibit the saﬁe behavior. Not much of a penalty for higher
température operation can be toleréted'as the polyhydroﬁybenzené KD's are
not extremely high'even at low pH. As the extraction model is sensitve>
to the value of pKavused, extrapolatioﬁ from the available data to higher
temperature could be risky, so'experimental determinationvof the pKa’s
of the phenols at higher temperathres should bé considéred along with
ﬁhe distribution coefficient measurements.

Integrafion_of the phenol recdvery-into the total water treatmént
statégy must also be investigaged. The ammonia and acid gas sfripping
dperations could occur before or after the phenol removal. The effects

that the organics would have on these operations is presently unknown.
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Also, methods of performing these separations without using mineral acids
and bases to adjust the water pH (25), releasing the acid gases and ammonia,

respectively, must be investigated. Tar -is another problem, as it accumulates

in the Phenosolvan process, requiring semi-annual or more frequent shut-

downs for equipmenf-cleaning (9).' All of these prbblems must be addressed

in a total water treatment process.
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Appendix A: Batch Extractiéh'Data'

Tabies A-1 thrdugh A-4 present the réw data for thé batch extracﬁiohs.
done in this work. Material balance nonclosureé for Extractions 1lb through
1f were calculated taking advantage of the organic solvent coﬁcentrations : .
that couldAbe measured in the water feed and wate? ﬁhase solutioné by gas
.chromatography. A zero loss of watef and DIPE wés_assUmed{. Tﬁe phenol
in_the'DIPE phase was assumed to have no effect on the watef soiubility
iﬁ DiPE,which in turn implies tﬁat the Qéter content,bf the DIPE phase
did notfchange'during the-extraction; Therefore, all the-watér in the
water feed was assumed to appear in tﬁe raffinate. On this basis, the
-raffinate and extract phase masses were;calculated as follows, for a

water feed of 1: : )
mass of water in water feed

(no loss to solvent phase, as evaporation)

Raffinate = . . -
concentration of water in raffinate
(by difference)
- - WSO ‘ ’
R = — vB_‘ g _ (A-1)
L= wa - waf_
mass of solvent and dissolved _ [ mass of solvent transferred
water in solvent feed - v to water phase during
extraction )
‘Extract =

concentration of solvent and water in extract (by difference)

_ _ CeB B | ~
E =s1-W0)-IR W™ W] . | a2y
Lo | -
' : -s-u?;0+R-uﬁ;f+Euﬁ;f o . N
Material Balance = : — * 100 - ‘ _ (A-3)

Nonclosure (%) S‘di
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where:
| . . -6
W is a mass fraction, 10 "x ppm

a,B are superscrlpts denotlng organic and water phases,_
respectlvely

a,b are subscripts denoting DIPE and phenol solutes,
respectively : '

o,f are subscripts.denoting before (feed) and after
equilibrium, respectively

'S is the solvent-to-water mass ratio

The méterial—balénce npnclosurés_were calculated more simply in the
poiyhydroxybenzene extractions by assuming thé raffinate and extract
masses to be equal to the water and solvent feedvmasses, respectively.
This assumpﬁion'was madé because the detector on the LC used is not
sensitive to:DIPE, so that for the Di?E éitractions, the watef’phase"
samples would also have had to be anélyzed by.GC.to get the solvent con-
centrations. This assumption causes less error for the polyhydroxybenzene
extractions than it wéuld for the phenol extractions. For.ﬁﬁe>DiPE
extractions, the-polyhydroxybeﬁzene KD's had a -value nearér one than
phenoi Aid, so the effect of thé solute on the water—phase DIPE solubility
would be much smalier for the polyhydroxybenzenes than for phenol. The
éhange.in the water-phase DIPE sdlubility would also have a larger effect
in the.phenol extfactioﬁs bécauée‘the solvent-to-water mass feed ration
was abouf four times lower tﬁan in the polyhydroxybenzene égtractions.'
For the case in which the solute was fed in the organlc solvent:

-sv?‘ +s»?' +w

Mater1a1 Balance _ 100 ’ (A-4a)

Nonclosure (%) ' S hg

For the case in which the solute was. fed in the water phase:
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—wg- + swof‘+w? . ,
- . 100 o (A-4Db)
B ,- S . S

o]

Material Balance
Nonclosure . (%)

All mass fraétions.in Equations A-4a and A-4b refer to the.phénolic solute;

vwith the other.notation remainiﬁg as‘in-Equétiohs‘A—l througth—3. |
- Fo? a comparison of the two me;hoas, thé matefial—balance nanclosure'

for the first point in extraction #1b is-0.42%, using ﬁquafions A-1, |

A-2 and A-3. Using Equation A-4a, the.nonélosure is +2.1%.
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Appehdix B: Theoretical Plate Count Calculation

Column'efficiency is most often measoted in terms of‘the theoretical
platevcount of the column for a peak of interest. Coiumn conditidn.can
be monltored humerlcally and approprlate column cleaning procedures in-
stituted when contamination is 1nd1cated by a decrease in eff1c1ency.

The method used most commonly is the tangent method. The theoretical

plate count N is given by (26):
2

N o= 16 (—R—t) | . o (B-1)
where Rt is the retention time in eeeonds of the peak:and W is the peak
Vidth in seeoods obtained by drawing tangents from the sides of the peak to
the baseline. ' The peak is assumed to be symmetrloal |

However, peaks are often not symmetrlcal Tailing of peaks will not

‘be reflected in a plate count based on. an extrapolatlon from the mlddle of

a peak, and column contamination first manifests 1tself as an increase in

peak tailing. A more accurate method uses a peak width five times larger

" than the standard deviation (0) of the curve, rather than the 40 width

used in the tangent method. The 50 width is measured at 4. AA of the peak

height and is used in the following equation for N (1):

N = ZS(ﬁ— - : : | o (B-2)

Flgure B—l shows how these two methods can dlffer radlcally for a

talllng peak the tailing maklng N50 1ess than N4
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- RT=94.5mm ‘
| ]
Tangent Method - n
=16 (945)2
Nag = 16 (5g)" =1490

4.4 % of Height Method
- (94.5 o
Ngg =25 (-'3—3)2 =930

. z15.5mm
Injection ‘

1

4.4%
of Peak Height

_ W4o.= 9.8 mm

XBL 795-6303

Figure B-1. Plate Count Calculation Methods



Appéndix_C: Sample pH - Correction Calculation
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In the extractions, a 10 ml water-phase sample was diluted to 30 ml

before pH measurement. The pH of the original water phase was calculated

as follows, with the calculation here done for the second data point in

Extraction la (Table A-1):

concentrated solution:

dilute solution: phenol = l.44x10-2M/3 = 4,80x10 "M

for phenol at 25°C:

pH =

K
a

2

phenol = 1350 ppm = 1.44x10 M

3

5.72, [H'] = 1.91x10 %

= 1.05x10" 10

Calculating the concentration of ionized phenol in the dilute solution

using the ionization equilibrium:

1.05x10 |

X

10 _

" Concentrations of

(1.91x10" %) (x)

3

(4.80x10 ° - X)

2.64x10

the ions and free phenol before equilibration in the more

concentrated solution:

[H+] = 3-1.91x10°°
[PhO ] = 3-2.64x10 ’
[PhOH] = 3.4.80x10

7

=5
7

il

3

it

M

.73x10"°
7.92x10"/

1. 44x1072

Calculating the change caused by the concentration and re-equilibration:

1.05x10"

\

10 _ [5.73x10"8-x1(7.92x10""-x]

2

[1.44x10 “4X]

Neglecting X in the denominator and solving for X:

X = 5.2x10

7

M

For tﬁe concentrated solution: [H+] = 5.-73x10—6 - 5.2x10°

pH = 5.28

7

5.21x10’6M



In the pH range 8-10, the buffering action of the phenols prevented pH

change upon dilution.:

74
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Appendix D: Gas Chromatograph - Mass Spectrometer (GC-MS) Data

Peak identification for the methylated condensate waters was performed

by comparison of ‘the mass spectra of the unknown peaks with a library of

_Speétra, using the integrai minicomputer of the Finnegan GC-MS. The computer-—

reconstructed gas chromatograms and the statistical- comparisons for the

‘peaks identified are contained in this appendix. . Footnotes to Table D-1

explain the format of the computer output.
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Table D-1. Methoxybenzene Identification in Methyléted Synthéne‘Water

. :BRARY SERRCH ) DATR: METHSYNB ® 142 BRSE ME: 108
;310778 1£:20:88 + 7:86 CALI: CALOSMAR & | RIC: S17.
SAMPLE: PMETHMLATED SYHTHANE WATER : A

-cgn3 CPECTREM IN LIPPARYNE SERFCHMED 700 mavIvy™ PURITY
470 MATCHED AT LEGST 2 OF THE ¢ L&ESIZT PIACE IN THE UNCHOWN

THNKIRD T

SENE, METHIXY-

1 981 Ff
2 §98. h.iFAZINE,PHENYL-
3 18421 CEFEMIICACID, PETAYLPHENYLESTER |
Z 12818 PRIDIiNiu™. 1-PMINO-2-METHYL - HYDRCXIDE, INNERSALT
5 17492 PYPIDINIUM, 1-AMING-2-METHY.~. CHLORIDE
‘NI FOERULRA . . mT R.ev PLTITE - FITA RFITA
T €7.AE.D . tee 126 - 870 eze 299
2 C6.HS.N2 : 178 108 582 €352 995
3 €8.H8.03 152 183 53 623 971
. C6.HE.N2 : . _o1ee 1ea z314 434 958
2 £6.HI.N2.CL . 144 108 464 547 843
~a53  INTEN b 2 3 4 5

38. 19

35 7¢ 7 76

44 - 12

58 ) 25 - ee 20 3

51 . . 46 149 37 64

52 127 e° 41

53 oS

55 . se -

63 Cooz2¢ 2% 22

€a i 2: e ]

€S 199 218 idv .22 I3 199

€6 14 22 171 60

67 2@ 3

74 Y-

77 67 << 92 51

78 243 223 29 153 63

79 <8 a2 42 3° B

63 77 &8

81 : 32 21

91 . : v

o2 CL 244 . 62¢ 598

53 iTs 2eT . 23T 4D

54 b o

og Bt

107 2c 22

o {A=C 1P 1977 eTT 10T irRT

L3 77 e 7!

sz z<s

123 il

statistical fit paraméters
peak intensities of unknown

peak intensities of library compounds



Table D-2. 1-Methoxy-2-Methylbenzene Identv'ificatio.n in Methylated
Synthane Water ' : ‘

L. 16RARY SERARCH . DATA: FMETHSYNG o 188 BASE ME: 122
73,109,768 19:20:928 ¢ 9:82 CALI: CALOSMAC ¢ 3 RIC: "1381.
SArPLE: i‘ET_HYLRTED'SY‘.’iTHNIE WATER .

25408 SPECTRA IN LIPSATYNS GZAPCUIl FIO MavIMM PLRITY N
127 FARTIHED RY LELST £ OF THE .9 LARSEST PEAKS IN THE UHKNOWN

TANK IRD NAYE

| 3002 BSNZENE, 1-PETHOXY-2-METHW -
2 1822 BEWZENE, 1-ME THOWY-4-PETHYL-
3 735 FHENDL.Z.S5-DIFETHWVL-
"3 1045 PHENOL,2,4-DIMETHYL-
5 2674 FHERDL,Z,3-PIMETHVL-

RANK FORMULA F.UT B.PY  PURITY.  FIT - PFIT
| CB.HIB.0 122 122 833 83 | 978
2 C8.H108.0 122122 878 £78 $35
3 CB8.H108.0 i ) 122 122 B4T Ba? 937
4°C8.H1E.O ) 122 122 815 815 914
S £B.H18.0 . o 122197 813 813 922
MASS . INTEN 1 2 3 P 5

39 12 52 12, 12 158 177

51 a2 13 12 1es 114

52 26 : _

53 26 29 87 71

63 21 1?7 a4 ‘

65 52 2¢ 35 €4 44

27 197 148 167 184 189 1€8B

7e a 31 35 61 €5 6B

79 13 7& 117 1es g7 113

89 43

98 53 '

91 17e 268 178 - 7?7 184 97

92 s6 64

93 - 21

94 ) - 29

183 . al 38 53

194 - aE 26 8

1es - zz .

107 475 398, 264 STE 573 694

iee & 2z e o a? 56
2 {37 71 3£y gEe ITT a2t

122 pcp €27 L €'S €5y FET N 3y

8 . IE €5 72 3 €z €5

78



Tahle D-3. 1-Methoxy-4-Methylbenzene Identification in Methylated
Synthane Water

LIGTARY SERARCH v DATA: FMETHSYNB o 196 BASE MVE: 122
03/18/78 18:20:80 + 9:48 CALI: CALB9MAR @ 1 RIC: 23135,
SAMPLE: METHYLATED SYNTHAHE WRTER

' 55499 SPECTRR [N LIBIAFYHS STARTUVED FOP FANIMUM PLRITY
' 68 MATCHED RT LEPST 7 OF THT 16 LAPGEST P’f‘ 5 M THE UNYNOLN

TARK 1D HAlG

| 1822 GENZENE, {-METHOXY-4-*ETHYL-
2 913 BENZENE, 1-PETHOYY-3-METHYL-
3 3022 BELIENE, 1-METHOXY-2-METHWL-
4
S

1045 PHENDL,2, 4-DIMETHYL-
726 PHINCL,3.4-DIMETHVL~

: paNK  FORMULR M.LT B.PK  PURITY FIT RFIT
| : | CB.H1B.D . 122 122 °59 9?7 . 959
| 2 CB.H18.0 122 122 955 g1 . 955
! 3 C6.H!B.0 122 122 931 960 931
! 4 C8.H18.0 . 122 122 e33 as? ess
i S C8.H1B.0 122 187 831 874 83t
} MASS  INTEN 1 2 3 4 5
! 38 18
g 39 58 a? €9 5€ 69 71
! 4 € o
: 41 ) 4
! v S8 25 28
; S1 54 se as = 32 43 51
i 52 2€ 29 35 31
i 53 28 29 37 52 S8
I 61 1
i 62 7
i 63 26 27 37 28 38 37
i 64 4
i 65 32 35 18 61 50 46
. 74 3 :
I 77 1eg 234 178 1B? 1S5 282
X 78 48 59 54 a1 €6 14
! 79 123 166 147 95 110 84
: . 8p a
i 89 16 36
; _ 9g ? a3
‘ 91 25¢  1S2 23 216 73 S?
: : 92 81 57  1&6 a6
! . 93 19 2P
j ) o6 i
; 103 3e
! 194 27
: 105 1 :
g7 - 207 2ee 102 357 S€T €4l
198 13 z3 az Pre ea
' } .2t i . .
: ) 121 3¢ 0] 152 0 162 e 202
i 122 1000 EFT e o She  deT
i 125 £ K3 =1 'z LI o4
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'Table D-4. 2-Ethyl-5-Methylphenol Identification in Methylated Synthane Water

| 16RARY SEARCH DATA: PETHSYNE ¢ 215 BRSE M/E: 121
718/76 19:22:08 + 10:45 CALI: CRLEIMAR ¢ | RIC: 351.
SAMPLE: METHYLATED SYNTHANE WATER

25409 fPEC“’G 1N LIEFATYN2 SEARCHEN FOP MAVINMIN 2UP[TY
15¢ MATCHED AT LEAST 3 OF THE 4 LAFREST PEAKS IN THE UNKNOWN

TANK TRD NAMD

} 5449 PHENDL,2-ETHYL-S-METHYL-
2 3911 PHENOL,Z-ETHYL-S-TETHYL-
3 B61 FHENCL,d-(1-METHYLETHYL) -
& 568 FHENDL,2-(1-IETHVLETHYL) -
5 €076 PHENOL,4-ETAVL-Z2-METHYL-

TANK . FORMULA M.UT B.K  PUPITY  FIT  RFIT
1 £9.H12.0 135 121 723 733 973
2 €9.H12.0 136 121 737 787 962
3 £9.H12.0 136 121 786 706 972
4 £9.H12.0 : S 136 121 €91 631 974
S €9.M12.0 - 136 121 678 678 981
MasS  INTEN 1 2 3 4 s

75 t79 78 62 61 171

41 : 3t

S1 184 <¢8 36 S8 126

53 73 83

63 < 57

65 T 46 S8 45 74

67 1

77 308 327 418 441 396

78 76 B 12¢

79 7S 142

91 335 335 335 335 335 335

93 64 EB 128 117

94 s8

102 19

183 3¢ 147 2a7

184

167 . 32 86

188

115 1 19

118

128

1. ©o1ees 1182 9<?

2z 278 T fC

e 2 ST

235 zie 264 =72
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Table D-5. -l,Z—Dimethokybenzene Identification in Methylated Synthane Water

LIBRARY SERAPCH DATR: METHSYNB © 317 BASE ME: 138
93/10/7¢ 10:28:808 + - 15:5¢ CAL1: CALBOMAR @ | RIC: . 96895.
SAMPLE: METHYLATED SYNTHONE WATER ‘
25489 SPECTEA [N LIBRARYNB STPOCKED FI2 *ANIMM PUOITY )
129 MATCSED AT LEFST S OF TWE 16 LATGEST FE2Z5 IN THE UNKNOWN
. RAN: INT HME ,
. I 61S EBSHYENE.1.2-2DIETHOIN-
) 2 17€9 L DRSS FE B
- 3 4272 PINT.
i : 4 179!
. g zaZT e ITENLITEV -
RGNY  FERMULA ‘ RS N FIT RF!T
. . 1 C6.HIC.SC : . 135 i34 212 934 832
! - : i 2 ¢8.v0.02 . 1:00 123 e2s L] 8es
3 €9.¢120 : 172 138 527 853 741
i : 4 C8.HIC.C2 . . 1z 139 665 508 665
i S C18.HIE : S . 132 138 664 824 (1.1}
f - . .
; MRSS INTTH 1 2 3 é s
! ® - 3
i 19 21 129 [+ (13
i al 123 173 € T o1z3
| 43 ' 3¢8
| 1] s6
i 51 113 €3 L{:]
: $2 140 114 8t .. 88
! %3 34 13 46 37
| %54 12 ’ )
i s5 28 o ) (1
i : : 62 17
| 83 7e S1. 83 68
i 64 < 33 92 a3
i 65 13z 134 8’ €6
i 66 13 .
E (34 45 59 11¢ ) 53
i 68 : 25
L 69 2!
: 74 9 .
! 144 268 €2 S} 6 23
i . 78 4y 2? 121
' 79 26 e 117 a5 33 -
] 80 63 a8 s 272 43 .
! 81 8 181 191
! 82 . 51
] 9] 3
i 92 a1 25 s s1
{ 93 3 46
: 94 ] 26
95 313 3% 311 262 178 363
) % = 22 66
i 185 q.
i 18?7 : a3
i _ 198 12 : . 1es
: 189 6 . sp 173
: 110 ) €3
| : 121 e
i : 122 1? .
i : 123 397 462 767 4SS 387
; 124 3! 36 (]
125 2
! » 135 6
A 136 o
! 137 4 .
Lo o 138 1ees 827 S37 833 972 446
: : 139 ee 84 45 111 15 a5
' ‘. 14p 6 . .

A : 1se 3
| : 182 2




Table

D-6. -5-Methoxy-2,3- D1methylphenol Identlflcatlon in Methylated

Synthane Water . 7 T

_ 1GRARY SERRCH DRTR FETHS YNBSS * 358 BRSE ME: 152
J3IZIE/7O 19:20:00 + 17:54 ENHSNCED (S 343 2N BT) RIC: 56511.
SAMPLE: METHYLATED SYNTHRNE WTER '

25409 SEECTPA - I LIETATYNE S"QP EED FOP MAXIUM PUPITY
186 MATCHED AT LE~ST & OF THL 16 LATGEST FEAKS IN THE L“KNOLN

Tt anMOIRD MeR

1 176s@  PHE r'"' . 5-PZTHOXY-2.3-DIMETHWL -

2 2289 1-CNVLLOHEXIHE-1-CARCOXALDEHYDE.2.6,6- TR"‘ETHYL-

3 3454 B ""'"z.!-(ETH\‘LTr‘lC‘ ~4-MZTHYL -

4 2826 2-CYCLOPENTEN-1-CNE,4-HYDROYY-3-MZTHYL-2-(2-PROPENYL) -
s 17643 EENZENE, 1- (ETHLTRIO) -2-METHYL -

SANK FORMULA M.JT E.F¥ PURLTY FIivT RFIT
M CS.HIZ.DZ 152 1852 247 833 754
2 Cla.H16.0 : : 152 7152 €41 8cp . 641
3 £9.M12.5 : 152 152 616 £52 708
4 £9.H.2.02 : . T o182 152 £70 85 678
S €9.H12.5 - 152 152 628 - B51 704
1'ASS INTEN 1 .2 3 . 4 )

39 1e2. 189 81 - 85 8s

ap a7 an

a1 3e 38 7S

43 10 26 . 15@ .

a5 211 156

1] e '

51 €4 69

52 - 33 .

€3 ' €2 . 26 . s

55 23 .

63 It 66 o7l

64 18 _ '

65 as 31 82 Y

€6 e? ‘ o

67 1z 112 89

69 a4 o ae 3

7e 3

77 124 198 €6 74 63

7’8 47 151 26

75 97 ki s1 4?7 157 36

38 ? '

81 £s 155 g

es 18 .

g1 172 65 €S 2&5 19t - 277

92 e . 3z 2

93 17 5¢ 22 22

G4 133 €s

95 12 ’3 L4

1S 1y . T2

126 e

g7 . T £6 70

ies ! v ;

.c3s 221 T F- e}

e 14 . ’

il €!

119 3 61 3

2i 21 2 54  a° | &>

g2 z

23 3 €2 272 14 £5 ta

i2a v B Yy G 2iC

123 1e

135 1€

136 - 1e .

13?7 T4 . 433 685 453 IT3 4G4

138 3¢ 58 69 a3 ©ar

i39 2

149 4

1S1 . 33 294 . :

152 1802 B89 624 992 SS2 982

153 e £9 o7 . Fo

154 5 a4 . a3

166 P )

3

167 -

82

a. @
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Table D-7. 3*Methoxy-2,4,6—Trimethyiphenol Identification in Methylated
’ Synthane Water :

- IORARY SERRCH DRTA: METHSYNBS e 396 BASE MV/E: 151
C3/10/78 19:20:88 + 19:48 - ENHANCED (S 343 2H B8T) RIC: 1087S.
SAMPLE: METHYLATED SYNTHANE WRTER '

25423 SFECTPR It LYB?VR.’C‘(HB ZERAGCKFED FCE MMM FURITY
55 MATCHCL AT LEAST € OF TP: 16 LAGGERY FEAXS [N THE UNK'OWN

FAKK IND KO : .

) 17684 PHENOL, 3-METHOXY-2,4,6-TRIMETHYL~
2717662 PHENCL, 3-METHOXV-2.5,F-TRIMETHYL -

3 2841 EThAKCKE, 1-(2-PYDROKY-4-PMETACKAFHENLY -
a

S

gy 17681 PRINOL.S-METHOXY-2,3,4-TRIETHA -
v 809 1,2-BENZENEDIOL, 4- (1, 1-DIFETHYLETHYL) -
i ) RANK FORMULA - M.UT B.PK  PURITY FIT RFIT .
, ’ ! C1B.H14.C2 o 166 166 779 91 . B8
; 2.CiB.H14.02 : 166 165 7?4 875 817
i 3 £9.H19.02 165 151 770 925 - 814
§ 4 C10.H14.02 . 16 166 . 765 87e . 811
| S C18.H14.02 166 151 764 890 816
~ASS  INTEN 1 2 3 a4 -5
s 45 4s se &4 ap 45
; o a8 1 . .
: a1 4 66 a2 63
43 5. 142
58 ] . ‘
51 48 {] 36 34 42
52 12 31
53 22 48 : a8
' & s 68
: 63 1€ 21
I 65 . 49 ap 3¢ 35 43
; 67 ) S6 39 43
i €69 - sS 28 55
i 77 38 73 82 83 91
i 79 35
| 70 64 55 72 73 49
' 60 9 k3
‘ 89 6
! 99 6 :
! 91 188 135 180 84
: <92 3 s?
! 93 3 a4
. 94 13 - '
! 5S 182 87
: 95 28
‘ e3 20 .
i 125 s2 27 32 70
| 13 19 :
i 187 49 35 35 12 27 29
! €8 72 18 €<
. 189 14 <1
: e e
; il Iz
B1a 12
120 1 )
.21 °3 26 45 &3
122 z5 . 17
e 3% s7 Tt .Z6 EaliS g4
.31 16 ’ . '
135 62 137 132 € e
i * 12€ 12 _ :
S : 122 37 76 7?5 58
; : 138 22 :
HEEN 147 20 :
I : 149 13
¥ . 158 10 . 43
i 151 18Ce 39 SIB 1188 567 1153
: . 152 119 ?5 55 116 53 12!
; - 153 .. . 13 :
! ) 1€2 20 :
| 165 33 76 142 15 157
: 366 - S69 @51 7EE  4IC 7?51 349

167 s7 es 7 43 €3 42
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Tahle D-8. Methoxybenzene Identification in Methylated SRC Water

L IBRARY SERRCH DATA: METHSYND o 146 BRSE M/E: 188
! 83/38/78 14:11:80 + 7:18 CALI: CAL27HAR ¢ RIC: . - 4919.
! ) i i SAMPLE: METHYLATED SYNTHOIL WARTER -
} . ~ 254p9 SPECTRQ IN LIBRARYNS SEARCHED FOP MAXIFUM PURITY
i o ‘ 139 MATCHED AT LEAST § OF THE 13 LARGEST PEAKS IN THE UNKNOWN
. : RANK IND 1S
| . 1 901 BENTENE,METHOXY-
e g ® 2 898 HYCFAZINE,PrHENYL-

oot 3 1@43' CESRDMICACID MITHYLPHENYLESTER
4 19819 FYRIDINILM, 1-AMIND-2-METHYL-, “"'DPOV'I‘E
5§ ZG&EC EBEWI{TURRL&,S,6,7-TETRAATL

INERSALT

}
|
|
{
i

RANK  FCATLLA : MOUT ELRM PURITY FIT  PFIT

{ C7.K3.0 _ w5 10S 910 939 948
2 C6.HB.N2 e 1es8 727 7?37 . 915
3 £8.53.07 . : £2 {8 679 72% €95
4 C6.HB.NZ . . 188 108 . 580 618 658
5 CiB.H14.0 ] i 15e a8 . 538 549 785
MASS  INTEN 1 2 3 4 S

! . 38 1?7 31 .

; 39 258 1268 186 258

! ) : . 41 162

v 43 6

Lo ' : 44 23

! ) -1 22 a7 138 33 53

! 51 75 88 215 74 111

. ) 52 22 181 75

i . 53 : 78

: 59 i 98

; 63 18 43 39 s2

I 64 25 37 21 . .

i 65 497 342 160 434 497 26

i 66 22 36 26 178

: 67 . %9

i 74 : 15

i 77 98 188 186 158 66 61

! 78 369 357 373 236 189 23

i 78 61 7? 52 64 51 114

! a9 181 26

! . . 81 : 43

! 91 i ee . S6

{ 92 2092 548

i . 93 63 142 176 248 . 24

i 94 27 : '

‘ 185 : 2?

1 106 8s

= ©o1e? 24

. 188 ' 1B@B 924 726 667 BIS 1824

; 189 16 71 B2 °9

: 12t 24

i 135. 23

: 149 1?7

: 158 282

i 151 ' 33

; 152 246

: 153 . : 13
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Table D-9. 1-Methoxy-4-Methylbenzene Id,entifi_cétion in Methylated SRC Wét_er

L IBRARY SERARCH .- DATA: METHSYND ® 196  BRSE WE: 122
©3/38/78 14:11:88 + 9:48 CALI: CAL27tAR & 1 RIC: 24s1.
SAMPLE: PETHYLATED SYNTHOIL WATER v '

V 25489 SPECTRA IN LIBRARYNB SEARCHED FOR raxirum PURITY
{83 MRTCHED AT LEAST S OF THE 8 LARGEST PERKS IN THE UNKNOLN

RANK IND NQME

{ 1822 BENZENE, l-METHOXY-4-PETHYL-
2 3882 EENZENE, 1-METHI¥Y-2-MLTd-
3 913 EENZENE,1-METMOVV-3-IETHY.-
4 735 PHENOL.2,S-DIMETHYL-
§ 2744 ESNIENE, (METHYITETEYLY-
RANK  FORMULA S M.AT B.FE PURITY  TIT  RFIT
1 C8.H18.0 . 122 122 e78 878 963
. 2 €8.H1B.0 122 -122 ga1 841 956
/3 CB.HIE.C , o 122 i22 823 828 953
4 C8.H18.0 122 122 745 - 747 875
5 €8.H18.0 : - o122 122 728 778 834
MASS  INTEN 1 2 3 4 5
39 14 - 14 14 177 14 84
St 15 11 122 14 39
52 - 24 46 1ia
s3 24 a 37
€3 18 21 3 ,
64 s3
65 25 . 54 32 35
66 ’ 4?7
77 179 175 148 144 195 77
70 37 33 45 65 13
79 63 125 79 128 i1l 33
89 C 27 18
%8 - ' 33 . 1t
91 189 112 159 187 - 35 271
- 92 8 41 34 84 57
93 2 1
183 : 26
104 ' 48
185 : 2 a4
187 143 254 358 . 168 497
188 21 36 4
121 - 245 343 158 141 251 527

122 igee 773 815 103p S60 685
123 - 68 76 91 St 52
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f v " Table D-10.. 1,2-Dimethoxybenzene Identification in Methylate SRC Water

: _ , LIBRARY SERRCH DATA: METHSYND ¢ 328 BRSE ME: 138
: ; 833078 14:11:90 + 15:09 CALl: CAL27MAR © 1 RIC: 6415,
' : SAMPLE: METHYLATED SYNTHOIL URTER v

| ' ' ’ 25489 SPECTPA [N LIBRARYNB SEARCHED FCI mxm'n PURITY

v ' ’ . : 95 'MATCHED AT LEAST S OF THE 15 LARGEST FERKS IN THE UN(NOLN
; .
|

<., o RANK IND NAME
d : "} 618 BENZENE.1,2-DIMETHOXY-
. 2 1785 BENZENE, 1.4-DIMETHOXY-
. 3 3446 PTNZENE, (ETHYLTHID) -
' 4 2678 1,3-BENZENEDIOL,4,S-DIMETHVL-
L I e 5 1791 BENCENE, 1.3-DIETHIKY-
RANK FCRMULR o “.UT B.PK PURITY  FIT RFIT
! 1 CB.H:iB.0Z © 138 138 942 958 962
I : 2 CB.H1B.C2 138 123 8es 814 848
i . 3 CB.K18.5 - © 128 139 . 671 754 836
: . . 4 CB.HiB.D2 e . : 138 138 643 - 665 983
| - 5 CB.H10.02 h 138 138 642 778 772
: MASS  INTEN 1 2 3 4 s
: 33 1t 46 23
X 41 39 144 -7
| 45 : S6
i ' 58 8 . 28
! ‘ ' Si 3) 33 26 4@ 35
52 s5 a2 s1 .61
53 35 49
55 . v ‘46
i - 63 12 18 58 (1)
i . , 64 14 £14 49
: €5 a5 a5 se 64 se. 87
: ‘ 66 52
| : 67 ] 2e 48
i ' 69 & 13 ,
| 144 183 - 129 37 59 98 S1.
: 78 12 : 116
79 22 a3
T:] H] 21 37 41
84 : 28
! ' 91 : 106 .
; . 92 12 37 €4 .
f 93 ' S8
; : 95 194 165 232 95 223
: : 187 _ 33
; 188 o 95
i 189 16 - 94 23 156
118 - 263
1391 ) -24
128 . 3
121 . 35
; . : 123 268 497 645 471  S37
' T 124 19 32 st 4 - S8
i : 137 o 301
: 138 1898 814 452 726 681 937
i : v 139 57 73 38 69 s4 {11
. ) 140 34
1
i
It 4 r
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Table D-11. 5-—Methoxy—'2,34Dimethylphenbl Identification in Methylated SRC Water

_ LIBRARY SEARCH DATR: METHSYND ® 334 BASE M/E: 152
§3,30/70 14:11:88 +.16:42 CALI: CRL27IAR o 1 RIC: * 2763. -
SAMPLE: PETHYLATED SYNTHOIL WRTER - _ - ‘

25489 SPECTRA 1K LIBRARYNE SEARCHED FOP MAXIMUM PURITYb'
74 MATCHED AT LEAST S OF THE 12 LARCEST PENKS 'IN THE UNKNOWN

RANK IND Narz ,
3454 BENCENE, 1- (ETHYLTHIO) ~4-PETHYL- -

1 - 7
2 19650 2-CYCLORENTEN-{-CHE,4-RIFTr1L-1,2,3.5, 5-PERTAMETHL - . : v
3 17680 PHENDL S-rETRONY-2, 2-[IMITUM - ) . L
4 17643 BTNZ 1- (ETHRYLTHIC) ~3-IETHYL- ) o : =
S SEZ ',\'L&,ﬂ‘.’:ﬁ\u.t_j/‘nv._. S . - ) ,\"
RANK  FORMULA . : " M.UT 8.FK PURITY FIT . RFIT

1 £9.H12.5 . : 152 152 738 . 768 869
2 C12.H1B. 02 124 152 - 728 Ba3 829
3 C9.H12.02 152 152 72 721 9186
4 C9.K12.5 152 152 713 742 865
5 £8.HB.03 o 152 137 . 649 665 715 .
MASS  INTEN, 1 2 3 4 '8

33 26 .84 83 118 - 29 .

a3 . | 38

45 188 163

St ) r'vd 17

52 C ‘ 1

53 73 41 ' 28

55 73 o

63 19 ’ 21 10

65 6 23 a7 27 '

67 -1

63 20 19 1?7 54

77 .33 33 85 33

8 - . 13 (34

?9 10 24 : 18 19

81 72 65

91 26 131 58 s5 131 :

92 1?7 19

93 . 12 as 12

94 6

95 39

ie7. S i :1:] :

108 26

189 84 2 7 84

118 . 32

121 3?7 37 37

123 - 17 ie8 189 55 3] 6

124 135 - 180

137 257 429 376 442 435 757

138 283 39 .. S8 a1 - 62

139 ’ 7

151 2€9 '

152 186@ 823 7?71 815 815 29€F

153 13 €9 82 g8 28

154 Co4r 39

166 10 .

179 i

184° 9

QJ
-
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