WO 01/ 83413 PCT/ US01/ 08767 | MPROVED PROCESS FOR THE PREPARATI ON OF
ALKYLENE GLYCOLS This invention relates to the preservation of catalysts in
epoxi de- o bBE8WING systens. More particularly, the presenrCT/URMASTG70N
relates to catalyst preservation in the ;ﬂéﬁaration of 5 ethylene glycol.
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High temperatures are desirable in the preparation of ethylene glycol because the rate
of reaction is maximized and selectivity is unaffected by high temperature. An added
advantage of high temperature operation is that it reduces the need to supply external

20  sources of heat to downstream purification equipment for the separation and recovery of

unreacted water from the ethylene glycol product.

High ratios of water to ethylene oxide are typically fed to the commercial reactors to
favor the production of mono-ethylene glycol, which is capable of also reacting with
ethylene oxide to form diethylene glycol. Additionally, the diethylene glycol can react with

25  ethylene oxide to form triethylene glycol, and so forth.

Formation of higher glycols is viewed as commercially unattractive, since the
production of these higher glycols consumes valuable ethylene oxide, and markets for use of
higher glycols are limited. The use of excessive quantities of water to favor mono-ethylene
glycol add to the cost of manufacture because the excess water must be removed with

30  energy through capital intensive evaporation and distillation process steps.
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ani on exchange resins in the bicarbonate form if exposed to high
catalyst, including the bicarbonate and formate forms, addition of carbon dioxide is
detrimental to selectivity as well as the reaction kinetics for the bicarbonate form. The ‘184
Patent thus teaches that the concentration of carbon dioxide be kept below 0.1 wt percent.
The ‘184 Patent also teaches using relatively low reaction temperatures of around 80°C.

20  Such low reaction temperatures require external cooling to maintain.

PCT publications WO 99/31034 and WO 99/31033 also teach catalytic processes at
relatively low reaction temperatures. Such references teach advantageously using a specific
reactor design and adjusting the pH, respectively, to prolong the catalyst lifetime and

minimize catalyst swelling.

25 The aforementioned references are limited by low reaction temperature, due
primarily to the fact that anion exchange resins in the bicarbonate form, if exposed to high
temperatures, typically deactivate quickly, as quickly as a few days when temperatures
exceed 120°C. Because the hydrolysis reaction is exothermic, even higher reaction

temperatures would be desired to permit maximum temperature rise without cooling.
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days at 120°C.

In yet another aspect, the present invention is a method for making an alkylene
glycol comprising feeding an alkylene oxide and water to at least one adiabatic reactor, the
reactor comprising a catalyst; feeding carbon dioxide to the reactor; and maintaining a

20  temperature of at least 100°C in the reactor. The catalyst has a half-life of at least 40 days at
120°C.

One advantage of the present invention is that it allows anion exchange resins in the
bicarbonate form to be used for the hydrolysis of ethylene oxide at temperatures exceeding
100°C. A further advantage of the present invention is that the rate of swelling is

25 minimized and lifetime of the catalyst enhanced. Surprisingly, these advantages are
observed, despite the fact that the prior art recited above taught away from adding

substantial quantities of carbon dioxide to such epoxide containing systems.

This invention is a method for making glycols from epoxides and water and a
method for operating such epoxide-containing systems. The preferred epoxides include

30  ethylene oxide (EO), propylene oxide (PO), and butylene oxide (BO), and the preferred
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In light of the disclosure herein, conditions which are conducive for the reaction to
occur are within the skill in the art. Factors for consideration include the optimum
temperature, pressure, and water to alkylene oxide ratio for reacting the feed stream(s)

20  without providing conditions which significantly degrade the catalyst bed or selectivity to

the desired product.

One of the conditions conducive to reacting the epoxide and water to form a glycol
product stream is temperature. As set forth herein above, high temperatures are desirable in
the preparation of glycol because the rate of reaction is maximized, and the amount of

25  unreacted water is reduced. The reaction temperature in a catalytic reactor is at least 100°C.
Preferably, a temperature of at least 110°C is maintained, more preferably, a temperature of
at least 115°C is maintained, and even more preferably, a temperature of at least 120°C is
maintained in the catalytic adiabatic reactor. Preferably, the temperature in the catalytic
reactor is no more than 150°C, more preferably no more than 145°C, even more preferably

30  no more than 140°C and still even more preferably no more than 135°C.
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surface area for catalytic sirabl material is
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under the conditions in the process. Preferably, the catalyst for this

invention is Pf&f&ﬂﬂ)l?ﬂh@%ﬁﬁ%gﬁ)rrtﬁ§ ifventifn bd @niQf efddBngelRstll IG1RRLELhe
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and 20018fktratide biShiBabbhsLtype! kcRiRE eEdifdaltnal didRsARL QR WO 95/20559, WO

97/33850, RU Patent Nos. 2002726 and 2001901. It is particularly preferred that the anion

exchange resins contain quaternary ammonium groups. Examples of suitable, commercially

20  available, anion exchange resins include: Amberlite™ IRA 400 and 900 series (based on

polystyrene resins, cross-linked with divinylbenzene) (Rohm and Haas); Lewatit™ M 500

WS (Bayer); Duolite™ A 368, A-101D, ES-131 and A-161 (Rohm and Haas); DOWEX™

MSA-1, MARATHON A, and MARATHON MSA; and DIAION™ XSA1000 (Mitsubishi).

Anion exchange resins with trimethyl benzyl ammonium groups (that is, Type I resins) are

25  particularly preferred for this invention.

The second step of the method includes feeding carbon dioxide to the reaction zone
in an amount of at least 0.01 weight percent based on the weight of the total feed.
Preferably, carbon dioxide is fed to the reaction zone in an amount of at least 0.05 weight
percent, more preferably, in an amount of at least 0.1 weight percent. The amount of carbon

30 dioxide fed to the reaction zone preferably does not exceed 5.0 weight percent, more

preferably does not exceed 3.0 weight percent, even more preferably does not exceed 2.0
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half-life is at least 40 days.

The method of the present invention also reduces the amount of swelling that the

20  catalyst must undergo. Preferably, using the method of the present invention, the rate of
continuous, unlimited swelling is reduced by at least 50 percent relative to operation without

the addition of carbon dioxide, more preferably at least 60 percent, and even more
preferably at least 70 percent. Thus, for example, if the rate of continuous catalyst swelling

is 1.0 percent per day using an operation without CO, addition, then the rate of continuous

25  swelling using an adiabatic reactor is preferably reduced to 0.5 percent or less per day.

Of course, the catalyst half-life and the rate of catalyst swelling will depend upon the
specific catalyst. More swelling can be tolerated with a catalyst having a higher activity.
Prefel:ably the rate of catalyst swelling is reduced to less than 1 percent per day, more
preferably less than 0.5 percent per day, and even more preferably less than 0.1 percent per

30 day.
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Course,  (nsicp Byt BAFGHAR otk AP phute PREPRDL s TGP Gyl ©

depend upaferthepospesd i Ragalbahy 81, mdE prefvablyl AdesaAbbE 1.0) HPLRA Mot a
catal yst having a higher activity. Preferably the rate of catal yst

swel | i ngpicteratdp gt leastt 0. Breferablanthe melpciend rasieris daymonethan 5Qmadre matfesablyess

than 0.5_percent r d and eve re preferab ss th 0.1 percent
por 30 BRI Bt 1SS R a0 89 Bt L TRE e SRToH hag vl

i nvery i ofecopb & khARfthidi fafig it vayT ddp¥ndiBY pBn UBE Lpskals ampldyeghme@h&ion
dei oni zed water, steamdistilled water, condensape wat er “(which may contain
some r esomfliadnsgindabe spasifioeatalyst utitimetl. al so recycl ed water recovered from

t he dehydration process in the production of al kylene oxide and al kyl ene
gl ycol - (whi chThaypoxide aised i shed prdsergl inealtion &nThe unsihisied Spaxidy cogdininy an
amount which is in_ a stoichiopetric excess of that required for formng a
desired §Nylkdevels ehimpwtissowmch ash fepesanrle. dddrdenmrythetgpoxidsl ean bedure at i o

2. 0, "ana RUGKE P Rt ByinohESEe PRl be bty MRIEPREERFLMblafly bEPRHREL

ratios i saneo-feete TheanatsOandnaporiderabgbalidyio the rémices hdagas Qs adithi@Uehswr €
preferably no nore than 20. Those of skill in the art will 10 recogni ze

t hat t hi sOpBinpotsfhereoliar y dependi ng upon the epoxi des enpl oyed, the
reaction conditions, and the specific catalyst utilized.

Examples
Each of the following examples was run in the reactor described below. All

catalysts were prepared, reactants fed, and samples analyzed according to the procedures

20  below. Conditions were identical except where noted.

The reactor was a jacketed, 1.1 cm inner diameter, 23 cm long, 316 Stainless Steel
tube. Heat transfer fluid was circulated through the jacket to maintain a constant, uniform
reaction temperature. A 3.2 mm outer diameter thermocouple with six evenly spaced
junctions was mounted concentrically inside the tube to measure the reaction temperature.

25  The tube was packed with 15 ml of the resin catalyst. Aqueous and ethylene oxide feed
streams were pumped at constant flow rates, mixed, and fed to the reactor. The reactor was

operated at 12 bar to avoid vapor formation.

The ion exchange resin used in the examples was DOWEX™ Marathon A, chloride
anion form, with an exchange capacity of 1.3 milliequivalents per milliliter of wet resin.
30  The chloride form of the resin was converted to the bicarbonate form by reacting it with

aqueous NaHCO; for use in the examples.
-7-



The epoxide used in the present invention can be unfinished epoxide
containing small levels of inpurities such as, for exanple, aldehydes, or
t he epoxiveouvssibe pure epoxide. The water and epoxi de fredusayoshey fed to
the reaction zone separately or together 15 as co-feed. The water and
epoxi de may b&hd¢ edhylene toxider iad tvows D943 percgatspurawith di gokmbwroamasntaof CO,,

The T oactBl Hidett P hn S0 A1 st e 390,00 &b PEASoRH r COE AR T

and sanphesvienakixaggd agcPpfi ng to the procedures 20 bel ow. Conditions were
i denti ca{ except1 wﬁer’g ndtgd. The reactor was a jacketed, 1.1 cminner

di . 23 £m | 316 Stajnless Steel tube. f i d
ci roul ot bd T B BORsHS edt U0 et E B g B e PR EPREPIbn

t enpey at ethflend gBrcal (MEOHL ﬁéth?ireiﬁg%Q%I (DEGYPARURIty Nt b19dor (EHER! Yrisrgeed

junctions was rmounted concen inside the tube to nmeasure the
r eact i oncendaiped atapikdary 26lulineandubifanmaonratikedetesctoh 15 i of the resin
catal yst. Agqueous and et hyl ene oxide feed streans were punped at constant
flow rates, niTkedonversdord gdibeqeddier wanedAilated B9 deRBBIIMNg WRSMORP SSRtc@thndl 12
bar to avoid vapor formation. The ion exchange resin used in the exanples
was DONETMIing Py theanoles feding cpaertingiogrperenniageisih an exchange capacity of
1.3 mlliequivalents per milliliter of wet resin. 30 The chloride form of
t he resin wasTbossledtivaty foeacherdducambs natwated bmndeterménng ithegiuinibeniof moles
aqueous hqugg for,use in the exapples. -7 WO 01/83413 PCT/US01/ 08767 The
et hyt®ne®bRPYEne agide (it s, SUReE When GPRveRiRs o SRRTKSVRTOdwS FRe diyidingp
and the . . Loni.zed,
C02- 11 et it BPRolEs 8T nlenc DRIABHE X5 bifitholirif rlllofin BUPRLER",
gas chr onmtegreaphyge basis. et hyl ene oxi de (EO), nono- 5 ethyl ene glycol- (MEG,
di et hyl ene glycol (DEG, and triethylene glycol (TEG. The GC contained a
capillary col va® aefnpairé Ofiag atHeO MiGRSse Clefiperahiite GQBYRISIHN the the
reactor was cal cul ated by determ ning the noles reacted and

thermocouples inside the catalyst bed.

15 The swelling rate was calculated as the increase in catalyst volume divided by the

volume of catalyst loaded into the reactor expressed on percentage per day basis.

The half-life is the amount of time required for the catalyst to lose half of its

catalytic activity.

COMPARATIVE EXAMPLE 1: Operation at 105°C without anv additives

20 The reaction was run according to the aforementioned procedure and allowed to run
for 32 days. During the course of the reaction, the EO conversion and MEG selectivity were
closely monitored and at the end of the run determined to be 99.7 percent and 97.6 percent,
respectively. The half-life of the catalyst was 27 days. After shutting down the reactor, the
volume of catalyst removed was measured. It was determined that the catalyst had swollen

25  to 25 ml from the original 15 ml. This represented a swelling rate of 2.1 percent per day.

Results for the run are shown in Table 1.



dividing by the noles fed and converting to a percentage basis. The
selectivity for each product was cal cul ated by determ ning the nunber of
nol es 1WoD1/84y| ene oxi de that was consuned when conver PCTFSIN8267

speci fied product and dividing by the nunber of noles of ethyl ene oxide
that was consumed during reaction and expressing on a percentage basis.
The peak tenperature was the highest tenperature recorded by the six

t her moc oCRIMBARASITVE BEXiaMBIFD \Sperdiinh. at 135 Theithv@l dniy agditigée Was cal cul at ed
as the increase in catalyst volune divided by the volunme of catalyst

| oaded into tirg a&AGHRhreXRY @EEQd &n_r@ﬂiﬂ%erytqg RelenfRYarl@SbS - swilfing
half-life is the anobunt of time required Tor the catalyst to |ose hala1p of
its cat experingenaotas with foll GONBARA ProdEd X AWRbENle Qpelnathisoex aatpld, MBE reactdrout
any additives 20 The reaction was run according to the aforenentioned

pr ocedur ECKFHICHPFBNETW DS thcor’ft‘i?i a3 5qGqyad ths peak dereprsatersradied 33 e
reaction, the EO conversion and MEG selectivity were closely nonitored and
at the end of Thereaghoiwas alidwesdtotron fier Ddays. deurteenthe &nalrs® Bf ehepreactzmt the

Gown ¢ he TREe Rty Br dreBananiutd i ubS R st diminad (e’
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m. This represented a swelling rate 0 .1 percent per Resul ts” for
t he run Abhehslfidifmof the Tatalyst Was d@einéd (834 1BABET/ THOEAOST &/as sDMBARATIIVE

EXAMPLE 2: ration at 125C w thout any additives To denonstrate the
effetls ﬁ?e ‘%%ﬁ}‘ﬁt ﬁ’ﬁ‘sz{?mﬂ?’%ﬁef a3 fscoxergd ﬁl%ﬁhesﬂ?@é‘i‘lb’?tﬁ@da?ﬁ’ené‘i ge¢ PHesed ®s run
fol I owi ngnet RGcfRF OCEEINEIRe BX20RIR: femdvRadl %‘g% aarml6r Wdle25.5361 Oy was

j acket tenperature was set to control at 1 and the peak tenperature
reached 488indh¢hatahe catalysivavas alveliingdl 1D percant per GaydaRssuliduor mige tlieaour se
of the reactionwﬁhﬁ conversion and selectivity were closely nonitored and
at the efPY I G hin deternmined to be 99.98 percent and 89.3 percent
respectively. The reactor over-pressured on the third day. The half-life

of the cEXANMBLEgOpdestionai hEXICiwithhe.014 peksert COThe react or was shut down
and

15 To demonstrate the beneficial effects of adding CO; to retard swelling an experiment
was run following the procedure of example 1. In this example 0.014 weight percent CO,
was co-fed with ethylene oxide and water and the reactor jacket temperature was set to

control at 115°C, and the peak temperature reached 124°C.

The reaction was allowed to run for 25 days. The conversion and selectivity at the

20  end of the run were 97.5 percent and 98.0 percent respectively. The half-life of the catalyst
was 47 days. After 25 days on line, the reactor was shut down and the catalyst was
removed. It was determined that the catalyst had swelled but at slower rate than measured
during the experiments where CO, was not added. The volume of catalyst removed from

the reactor was 21 ml. It was determined that the catalyst was swelling 1.32 percent per day.

25  Results for the run are shown in Table L.

EXAMPLE 4: Operation at 115°C with 0.14 percent CO,

To further demonstrate the beneficial effects of adding CO, to retard swelling an
experiment was run following the procedure of example 3. In this example 0.14 weight
percent CO, was co-fed with ethylene oxide and water. The peak temperature reached

30 123°C.
-9-



1 o the catalyst was renoved. It was discovered that the catal yst had

swel | ed and plugged off the reactor. The volune of catal yst renoved from
t he reactvop ovig®125.5 nml. It was determ ned that the catabPgpuswas7ewel |ing
17.5 percent Eer day. Results for the run are shown in Table |I. EXAMPLE 3:
Qperation at h%@aWthW@s @ilwqﬁetpcréntfowdass Tohechemuersionzand setestivienet ihei al

effects retard I|n n _ex er| S. I foIIovmng
the pr ocgl(‘i1 u%qg%?l%e‘y(%ﬁg%% ReTeq aP ESBFC ﬁlyv\n;nhﬁﬁ]tayﬁéffa @gﬂf EYStyg
co-fed wyhd123 awyenarexisged doﬂ/\fﬁh@rthenéa&&ewﬁﬁ%ﬁﬁtoaom%atth& %aagrsawse WaS
set to control at 115C, and the peak tenperature reached 124C

r eact | orremeyed| Thewolums ofinatalyst raBoddyfsom Theereectny wias il 8 mianl wsieldetetmirietly at

P 11 1 apS ey S Ay T (o polREper s Rosios on B e FoND Ebe kit or

was shutg and the catalyst was renoved. It was determ ned that the
catal yst ha svvel | ed but at slower rate than neasured during the

experi e of catalyst renoved from

t he reactdt . gs—derermhea trat— he catal yst was swel ling

1. 32 percent ,ger day 25 Results for_ the run are shown in Table |. EXAMPLE
4: Operation dqt%@nwtwneltaa the bsucficiabopfeqts of a@@lﬁéﬁ%ﬁﬁﬁé{dﬁa’t’@lmméﬂ
benefi ci f lin S run
Fol | owi riPefseR bl A lE1GE TEplloli} 8F ol o BT CHRE: BB iR cont

CO2 MRS jabket eainprurathreabisysleew&o@&bﬂﬁ 1@5@»&1 . eIlbféank%i&E@ﬁB’Z"@ r eached
30 123C. -9 WO 01/83413 PCT/ US01/ 08767 The reactl on was allowed to run for

47 days. The PRNNGLSIOREREbWE] t%%h\fbf ¥ aayshgﬁ cfb‘ilnfvglfm drgéibcp@#;g {élems

percent and 97.8 percent respectively.
123 day sendAfftthe ruhivetapd. Toper¢dnnend 9Ha pemant, esspyaivelh tilrhedmwnhfaruﬂ thdeataigdtal yst

rem)veg The \&gt{urrg C% cat al. yst renmoved fromthe reactor was 18 m. It
vvas det eVAS RS+ Hakter A3 daxs ap e, iR Teagtar| Wag siutadovie aad fhe satalyghyvas

Resul t's feffovENeThVoIREE of RAWYst Rmb3BA Bt the SXRMR Was20.5 ml. It was determined

15  that the catalyst was swelling 0.95 percent per day. Results for the run are shown in Table L

Table 1: Experimental Results

Example Set- Peak Run Time percent Half- Swelling Conv Sel.
point co2 life

Temp Temp (days) Added (days) (percent/d (percent) (percent)

({6 B ®)] ay)

1 (Comparative) 105 117 32 none 27 2.1 99.7 97.6

2 (Comparative) 125 133 3 none 13 17.5 9998 893

3 115 124 25 0.014 47 1.32 97.5 98.0
percent

4 115 123 47 0.14 123 0.44 78.9 97.8
percent

5 125 132 38 0.14 59 0.95 91.7 97.3
percent
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EXAMPLE 5: Operation at 125C with 0.14 percent CO2 To determne the |limts
of the beneficial effects of adding CO2 to retard swelling, an experinent
was run vobObosdsmyy t he procedure of exanple 4. In this exaPpl/@Sowises7 eact or
so jacket tenperature was set to control at 125C and the peak tenperature
reached YQUAST ISHA ABMEDIISn was allowed to run for 38 days. The conversion
and selectivity at the end of the run were 91.7 percent and 97. 3 percent,
respectivel y. 1The Aainkthodffer mbkihfen akyrhy gtycovasnmBinays. After 38 days on
line, the reactor was shut down and the catal yst was renoved. The vol une
of catalyst réssditgchnf dibyleidiesideant WhteiiSa Racfonone! the WetioR z6HdigsHskdy t hat
the catal yst was swelling 0.95 percent per day. Results for the run are
shown inatallyst;i . Table 1: Experinental Results Exanple Set- Peak Run Time
percent Half- Swelling Conv Sel. point C02 |ife Tenp Tenp days Added
(daysj ( per ceifreding( paberedioxideptr thenehction {0@empnentamaent 0%t 1chst B2 weight 27
2.1 99.7 97.6 2 (Conparative) 125 133 3 none 13 17.5 99.98 89.3 3 115 124
25 0.014PSEERLaR8" 97 5 9g percent 4 115 123 47 0.14 123 0.44 78.9 97.8
percent 5 125 132 38 0.14 59 0.95 91.7 97.3 percent -10 WO 01/83413
PCT/ US01/ 0876 MaipipiRing afepparatep of & least AOQRE: Wgke fesetiomuneg wharedl thy (caialyst
glycol c riSkng: di n a Lene oxide and water to a reaction zone,
t he reacﬁ?%%h%ﬁge%%%E‘?ﬁsgﬁgaY%{ gd g']yst; 5 feeding carbon dioxide to the
reaction zoneé in %% anoun ?f at | east 0.1 weight percent and

. e method of Claim 1 wherein the catalyst comprises an anion exchange

10  resin in the bicarbonate form.

3. The method of Claim 1 wherein the alkylene glycol is ethylene glycol,
propylene glycol or butylene glycol, and the alkylene oxide is ethylene oxide, propylene

oxide or butylene oxide.

4. The method of Claim 1 wherein the catalyst undergoes swelling in an amount

15  thatis less than 1.0 percent per day.

5. The method of Claim 1 wherein the reaction zone comprises at least one

adiabatic reactor.
6. A method for making an alkylene glycol comprising:
feeding an alkylene oxide and water to at least one adiabatic reactor, the reactor
20  comprising a catalyst;
feeding carbon dioxide in an amount of at least 0.1 weight percent and

maintaining a temperature of at least 100°C in the reactor; wherein the catalyst has a

half-life of at least 40 days at 120°C.

7. The method of Claim 6 wherein the alkylene glycol is ethylene glycol,
25  propylene glycol or butylene glycol, and the alkylene oxide is ethylene oxide, propylene

oxide or butylene oxide.

8. The method of Claim 6 wherein the catalyst undergoes swelling in an amount

that is less than 1.0 percent per day.
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mai ntaining a tenperature of at |east 100C in the reaction zone; wherein
the catalyst has a half-life of at |east 40 days at 120C. 2. The nethod of
A aim1l wWigyfisgsshe catalyst conprises an ani on exchange plGi®shghehN t he
bi carbonate form 3. The nethod of Claim1 wherein the al kylene glycol is
et hyl ene glyc®, pihepyetbokofClhunll wiersinttyd earborglipsile is faddotthereattoy ireme

oxi de is ethy| ene.oxi [ | ene oxide or butyl ene oxide. 4. The nethod
of d ai mafl%\ﬁ'é?%ttlueatgh(g?%&ghﬁ%gg?m?mdergoes swelling in an amount 15 that is
| ess than 1.0 E’erceﬂé per da%. 5. The nmethod of Claim1 wherein the
reaction zone Qonpribsdsethed pleGlaim §rehergigithtearben diogideds fedgo the reaetanin ator
maki ng a i.5l.ng: feeding an al kyl ene oxi de and wat er
to at leggﬁugﬁéé@%g?ag %??gveil‘gglg@(%ﬂgr,t. the reactor 20 conprising a catalyst;
feedi ng carbon dioxide in an anount of at |east 0.1 weight percent and

mai ntai ning a tenperature of at |east 100C in the reactor; wherein the
catalyst has a half-life of at |east 40 days at 120C. 7. The nethod of
Claim6 wherein the al kyl ene glycol is ethylene glycol, 25 propylene

gl ycol or butylene glycol, and the al kyl ene oxide is ethyl ene oxide,

propyl ene oxide or butylene oxide. 8 The nethod of Caim®6 wherein the
cat al yst undergoes swelling in an anount that is |less than 1.0 percent per
day. -11 WD 01/83413 PCT/ US01/ 08767 9. The nethod of Claim1 wherein the
carbon dioxide is fed to the reactor in an anmount of at |east 0.14 weight
percent. 10. The nmethod of Claim®6 wherein the carbon dioxide is fed to the
reactor in an anount of at |east 0.14 weight percent. -12
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