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ABSTRACT 

Methods for improving a gasi?cation process for haloge 
nated materials and in particular for producing useful end 
products such as anhydrous or highly concentrated hydrogen 
halides and/or synthesis gas, the methods including recy 
cling Water/hydrogen halide vapors and/or carbon dioxide to 
a gasi?cation reactor. 
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METHOD FOR INCREASING THE EFFICIENCY 
OF A GASIFICATION PROCESS FOR 

HALOGENATED MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/566,183, ?led May 5, 2000. 

FIELD OF THE INVENTION 

[0002] The invention relates to apparatus and methods to 
be utilized for the gasi?cation of halogenated materials, and 
in particular to apparatus and methods that efficiently pro 
duce useful end products such as anhydrous or highly 
concentrated hydrogen halide and/or synthesis gas. 

BACKGROUND OF THE INVENTION 

[0003] Related inventions include a prior patent applica 
tion for a Method and Apparatus for the Production of One 
or More Useful Products from Lesser Value Halogenated 
Materials, PCT international application PCT/US/98/26298, 
published 1 Jul. 1999, international publication number WO 
99/32937. The PCT application discloses processes and 
apparatus for converting a feed that is substantially com 
prised of halogenated materials, especially by-product and 
Waste chlorinated hydrocarbons as they are produced from a 
variety of chemical manufacturing processes, to one or more 
“higher value products” via a partial oxidation reforming 
step in a gasi?cation reactor. Other related inventions 
include six co-?led applications for certain other aspects of 
the process for gasifying halogenated material, such aspects 
including apparatus and methods for reactor vessel designs, 
gasi?er noZZle designs, controlling aerosols, producing high 
quality acids, particulate removal and quench vessel designs. 

[0004] A gasi?cation reaction process for halogenated 
materials is a technology for consuming halogenated mate 
rial byproducts and Waste streams, most likely liquid chlo 
rinated organic byproducts and Waste streams, and for 
producing substantially useful products therefrom. Success 
ful implementation of the technology may replace liquid 
thermal oxidation facilities Which represent the current 
industry technique for treating such Waste and byproduct 
streams. Gasi?cation offers several advantages over thermal 
oxidation including more economic costs, reduced emis 
sions and the capture of maximal chemical value from the 
feed stream constituents. Gasi?cation is also more ?exible 
than the competing technologies in that it has a signi?cantly 
broader range of acceptable feedstock composition. 

[0005] In a gasi?cation process for halogenated materials, 
a source of oxygen (in gaseous form) is mixed With a source 
of one or more halogenated material feeds (typically in 
liquid form and pre treated or pre processed if necessary or 
desirable), the mixture taking place in at least one gasi?ca 
tion reactor to produce syngas. The syngas typically com 
prises a hydrogen halide, CO and H2 With residual C, CO2, 
H20 and trace elements. 

[0006] Such gasi?cation in a reactor occurs at partial 
oxidation conditions, ie at oxygen to fuel ratios that are 
substoichiometric With reference to complete combustion. 
Under such conditions carbon particles or soot can be 
formed as a side product. This soot requires additional 
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capture and treatment steps doWnstream in the process, 
thereby decreasing the economic ef?ciency of the process as 
a Whole. One goal of the instant invention is to operate the 
gasi?cation process more optimally While managing param 
eters such as pressure, temperature, reactants and ?oW rates 
so that the production of C (carbon particles or soot), CO2 
and H20 is minimiZed. Higher oxygen to fuel ratios can 
reduce the formation of soot. HoWever, oxygen to fuel ratios 
are limited by permissible ?ame temperatures. 

[0007] In various processes for gasifying essentially 
hydrocarbonaceous fuels or Waste products, steam is knoWn 
to be used as a gasifying agent. Under suitable conditions 
steam is knoWn to react With carbon (or carbonaceous Waste 
products or soot) to convert the carbon to carbon monoxide 
and the steam to hydrogen, both carbon monoxide and 
hydrogen being desirable products. Steam is also knoWn to 
be used as a “moderator” in regard to several functions in the 
environment of gasifying hydrocarbonaceous materials. The 
addition of steam “moderates” ?ame temperatures, alloWing 
higher oxygen to fuel ratios to be utiliZed. Higher oxygen to 
fuel ratios, as mentioned above, can reduce the formation of 
soot due to a higher partial pressure of oxygen. 

[0008] Steam is also knoWn to be used in gasi?cation 
processes for essentially hydrocabonaceous materials for 
adjusting the hydrogen to carbon monoxide ratio of a 
product synthesis gas to meet the requirements of doWn 
stream customers. 

[0009] In the process of the gasi?cation of hydrocarbon 
aceous materials, hoWever, unlike in the instant gasi?cation 
process, excess Water created by used steam can be purged 
as Waste Water from doWnstream unit operations With a near 
negligible loss of valued products. In the gasi?cation pro 
cess of halogenated organic materials, the situation is oth 
erWise. While the addition of steam to the gasi?cation 
reactor can have the same bene?cial effects mentioned 
above (of reducing soot and alloWing higher oxygen to fuel 
operating ratios and supplying additional hydrogen,) the 
addition of steam can be Wasteful. If the halogenated organic 
gasi?cation process includes the production of a hydrogen 
halide to an anhydrous form, or even to a highly concen 
trated aqueous solution, the purge of the excess Water can 
result in the loss of valuable product. In both processes, 
excess steam or Water must be purged from the system 
doWnstream to maintain a Water balance. In the case of the 
production of anhydrous or concentrated hydrogen halides, 
the purge step contains a signi?cant concentration of the 
hydrogen halide. This loss is in proportion to the amount of 
steam moderator furnished to the gasi?er. 

[0010] The present invention teaches a method to close the 
Water balance in the halogenated organic gasi?cation pro 
cess While signi?cantly minimiZing the loss of valuable 
hydrogen halide product in an aqueous purge. More particu 
larly, a gasi?cation process for halogenated materials, if 
separated hydrogen halide is anticipated to be sold as an 
anhydrous product or in a highly concentrated solution, 
includes a distillation step to separate hydrogen halide 
product from Water (in particular from Water absorbed When 
hydrogen halide gas passes through an absorber stage). The 
present invention teaches the use of a vapor side-draW from 
the distillation stage Wherein Water/hydrogen halide vapor is 
extracted and recycled to the gasi?er as a “moderator” steam 
stream. The distillation system can be run at a pressure 
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higher than the gasi?er, thereby providing pressure to 
straightforwardly feed the extracted Water/hydrogen halide 
vapor into the gasi?er. Optionally, to help avoid liquid 
carryover in the “moderator” stream to the gasi?er, the 
Water/hydrogen halide vapor stream can be superheated With 
an appropriate heat source, such as steam, a heat transfer 
?uid, or the like. 

[0011] The recycled vapor from the distillation step is 
principally Water vapor but contains signi?cant amounts of 
hydrogen halide. The hydrogen halide recycles through the 
gasi?er to be subject to recapture again in the hydrogen 
halide recovery stage. The Water vapor or steam is primarily 
consumed via gas shift reactions and carbon consuming 
reactions, discussed above. In such manner, the Water bal 
ance of the process is maintained or completed While also 
achieving the desired objective of soot reduction. A combi 
nation of steam as Well as recycled vapor can be utiliZed in 
Whatever ratio needed in order to match and achieve the 
process Water balance, as necessary. Recycled vapor With or 
Without steam can also be used to adjust H2 to CO ratio of 
the product syngas. 

[0012] Moderator streams are typically supplied to a gas 
i?cation reactor through a suitably designed burner for 
intimate and appropriate mixing of all reactants. Lipp et al. 
describes one such burner system in a co-?led and co 
pending patent application entitled Method and Apparatus 
for a Feed NoZZle for a Gasi?cation Reactor for Halogenated 
Materials. 

[0013] An alternate methodology of the present invention 
teaches the use of another moderator, either together With or 
in lieu of the Water/hydrogen halide vapor moderator, for 
helping to drive and to maintain the Water balance of the 
gasi?cation reactor process. As discussed above, synthesis 
gas created from the gasi?cation of halogenated organics 
contains carbon dioxide. Methods for the removal and 
capture of carbon dioxide from synthesis gas are knoWn. 
Carbon dioxide has some of the same reforming tendencies 
as steam. That is, carbon dioxide reacts With carbon and soot 
particles to produce carbon monoxide at gasi?cation condi 
tions. It is another aspect of the present invention that the 
carbon dioxide produced in the synthesis gas reaction can be 
captured and recycled as an alternate or further moderator, 
augmenting or displacing steam. Some Water vapors are 
produced due to the gas shift reaction, e.g. CO+H2O<— 
>CO2+H2. The use of carbon dioxide as a moderator and/or 
a combination of steam and carbon dioxide thus further 
alloWs the process Water balance to be managed Without 
purging or losing hydrogen halide in an aqueous discharge. 
It can also be used to adjust H2 to CO ratio in the product 
syngas. Depending on the operating pressure of the carbon 
dioxide recovery system, carbon dioxide can be pressured 
back to a gasi?er reactor or a compression operation can be 
included for pressuriZing the CO2 stream to suitable pres 
sures for feed to the gasi?er. Alternately, carbon dioxide can 
be purchased and stored as a commodity. Carbon dioxide, 
thus stored can be supplied at appropriate pressure to the 
gasi?er. 

[0014] As discussed above, While it is knoWn in current 
gasi?cation practice for conventional hydrocarbonaceous 
materials to use steam, and to a lesser extent carbon dioxide, 
to minimiZe soot formation and to adjust hydrogen to carbon 
monoxide ratios in the product syngas for intended consum 
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ers, the instant invention improves upon the above in that the 
“moderator” is or can be a recycled process ?uid. Such use 
of the recycled process ?uid prevents loss otherWise of 
hydrogen halide mixed into a purged Water vapor process 
?uid. Using a recycled Water/hydrogen halide vapor as a 
moderator provides a means for controlling the Water bal 
ance of the process With the additional advantage of mini 
miZing the aqueous Waste volume discharged from the plant 
and minimiZing the loss of product. As a further advantage, 
by providing a method for managing Water balance, using a 
recycled Water/hydrogen halide vapor as a moderator per 
mits the use of higher Water addition rates to a hydrogen 
halide absorption column. Use of higher Water addition rates 
to a hydrogen halide absorption column for the synthesis gas 
creates a higher recovery efficiency of hydrogen halide. 

[0015] Recycling the purged Water/hydrogen halide vapor 
as a moderator should have the further advantage of also 
permitting e?icient utiliZation of a Wider array of feed stock 
compositions. That is, feed stocks With a loWer halide 
content can be processed While still producing anhydrous or 
highly concentrated hydrogen halide product since the loss 
of hydrogen halide has been loWered. Said otherWise, With 
out use of the Water/hydrogen halide vapor as a recycled 
moderator in the gasi?cation reactor, recovered aqueous 
hydrogen halide from loW halide feed concentration mate 
rials might be unsuitable for anhydrous recovery because of 
the otherWise excessive halide loss through aqueous dis 
charge. 
[0016] The instant invention has a further advantage of 
requiring no additional signi?cant equipment, except per 
haps a vapor superheater. Generation of the Water/hydrogen 
halide vapor and its recycling can be easily integrated into 
the distilling system. Whether anhydrous or aqueous hydro 
gen halide product is desired, recycling Water/hydrogen 
halide vapor from a distillation stage alloWs the production 
of more concentrated solutions by managing Water balance 
Without loss of product. Further, for feed stocks lean on 
hydrogen, the recycled Water/hydrogen halide vapor serves 
as an additional source of hydrogen for converting all halide 
to a hydrogen halide component. 

SUMMARY OF THE INVENTION 

[0017] The present invention offers improved methods for 
a gasi?cation process for halogenated materials. The 
improvements include one or more of the folloWing goals: 
increasing the e?iciency of the process; increasing and/or 
maximiZing the anhydrous hydrogen halide recovery; mini 
miZing the aqueous discharge; and adjusting the H2 to CO 
ratio. 

[0018] The present invention includes apparatus and 
methods for increasing the e?iciency of a gasi?cation pro 
cess for halogenated materials. The invention in one 
embodiment includes removing Water/hydrogen halide 
vapors from a distillation stage of a gasi?cation process and 
recycling the vapor as a reactant and/or moderator feed to a 
gasi?cation reactor stage of the process. 

[0019] The method includes managing pressure, tempera 
ture and ?oW rate of the Water/hydrogen halide vapor to 
control Water balance, to loWer carbon particle soot output 
and to moderate ?ame temperature in the gasi?cation reac 
tor. The method and apparatus include alternately or addi 
tionally capturing carbon dioxide from synthesis gas pro 
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duced by a gasi?cation of halogenated materials, or 
otherwise securing carbon dioxide, and feeding the carbon 
dioxide as a reactant and/or moderator gas to a gasi?cation 
reactor stage of the process. The carbon dioxide may be 
added in addition to or in lieu of a Water/hydrogen halide 
vapor moderator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Abetter understanding of the present invention can 
be obtained When the following detailed description of the 
preferred embodiment is considered in conjunction With the 
folloWing draWings, in Which: 

[0021] FIGS. 1A and 1B illustrate block ?oW diagrams 
for a gasi?cation process for halogenated materials; FIG. 
1A illustrates recycling Water/hydrogen halide vapor While 
FIG. 1B illustrates recycling captured CO2. 

[0022] FIGS. 2A and 2B illustrate in more detail a gasi?er 
stage for a gasi?cation process of FIGS. 1. 

[0023] FIG. 3 illustrates a quench and solids removal 
stage of a gasi?cation process of FIG. 1. 

[0024] FIGS. 4A and 4B illustrate an absorber and an 
aqueous acid cleanup stage of a gasi?cation process of 
FIGS. 1. 

[0025] FIG. 5 illustrates an anhydrous distillation stage of 
a gasi?cation process of FIGS. 1. 

[0026] Tables 1A and 1B illustrate a numerical simulation 
of a run of a gasi?cation reactor for halogenated materials 
demonstrating sensitivity of the outlet gas composition to 
varying the moderator ?oW rate. 

[0027] Tables 2A, 2B and 2C illustrate parameters for a 
commercially available system for the capture of carbon 
dioxide from syngas. 

[0028] Tables 3A-3E shoW, from a mathematical model, 
heat and material balances, demonstrating balancing of the 
Water across a plant by recycling of the Water. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] An embodiment for a gasi?cation process for halo 
genated materials is indicated in block diagram form in 
FIGS. 1A and 1B. FIG. 1A illustrates an embodiment of the 
process in Which Water/hydrogen halide vapors 530 
(assumed for the purpose of the embodiment to be H2O/ 
HCL) are recycled from a distillation unit 500 back to a 
gasi?er 200, in a ?rst aspect of the present invention. FIG. 
1B illustrates an embodiment of the invention Wherein 
syngas produced from a gasi?er 200 is ?nished in a gas 
?nishing stage 700 and is further processed in a CO2 
recovery stage 700‘, for carbon dioxide recovery and the 
carbon dioxide stream 730 is recycled back to gasi?er 200. 
Of course, a preferred embodiment could provide for both 
recycling of carbon dioxide and Water/hydrogen halide 
vapors. Further, carbon dioxide could be purchased and/or 
stored as opposed to, or in addition to being captured in a 
recovery stage. 

[0030] More particularly, FIGS. 2-5 illustrate in more 
detail aspects of an embodiment of a gasi?cation process for 
halogenated materials than are indicated in block diagram 
form in FIGS. 1A and 1B. Elements of FIGS. 2 and 5, in 
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particular, Will be discussed in detail to illustrate preferred 
embodiments of the instant invention and to place the instant 
invention in perspective. 

[0031] FIGS. 2A and 2B illustrate a gasi?er 200 in 
accordance With a preferred embodiment. The particular 
gasi?er design of FIGS. 2A and 2B has tWo stages, primary 
gasi?er R-200 and secondary gasi?er R-210 for converting 
a fuel comprised substantially of halogenated materials to 
reaction products including hydrogen halide and synthesis 
gas components. For the purpose of this discussion the 
halogenated material Will be assumed to be comprised of 
chlorinated hydrocarbons (RCL’s). In FIG. 2A, RCL liquid 
stream 144 is atomiZed in primary reactor R-200 With a pure 
oxygen stream 290 and a steam stream 293, both injected 
through a main burner or noZZle BL-200. In the harsh 
gasi?cation environment inside gasi?cation reactor R-200, 
the RC1 components are partially oxidiZed and converted to 
synthesis gas (syngas) comprised primarily of carbon mon 
oxide, hydrogen, hydrogen chloride, and of lesser amounts 
of Water vapor and carbon dioxide, as Well or of some 
undesirable side products such as soot or carbon. The syngas 
?oWs into secondary reactor R-210 to alloW all reactions to 
proceed to completion, thus yielding very high destruction 
ef?ciencies of all species and minimiZing undesirable side 
products such as soot. The output is syngas stream 210. 

[0032] Because of the corrosive nature of HCl, both as a 
hot, dry gas and as a condensed liquid, the reactor shells and 
connecting conduit are shoWn jacketed With a closed heat 
transfer ?uid system for Wall temperature control, as indi 
cated in FIGS. 2A and 2B in combination, Which system 
comprises the subject of a related invention, ?led simulta 
neously hereto. FIG. 2B illustrates a temperature control 
?uid circulating system to control the temperature of a 
pressure vessel Wall of a gasi?er, the ?uid ?oWing betWeen 
a pressure vessel Wall and a jacket. 

[0033] The primary gasi?er R-200 of the instant embodi 
ment functions to atomiZe the liquid fuel, evaporate the 
liquid fuel, and thoroughly mix the fuel With oxygen, 
moderator, and hot reaction products. The gasi?er burner or 
noZZle design forms the subject of a related invention, ?led 
simultaneously hereto. The gasi?er R-200 of the preferred 
embodiment operates at approximately 1450° C. and 75 
psig. These harsh conditions insure near complete conver 
sion of all feed components. 

[0034] The reactions that take place in gasi?er R-200 are 
many and complex. The reaction pathWays and kinetics are 
not completely de?ned nor understood. Indeed, for the 
numerous species that comprise the anticipated gasi?er 
feeds, the multiple reactions and their kinetics for each Will 
be someWhat different. HoWever, because of the extreme 
operating conditions in the gasi?er, the reactions can be 
fairly represented by the overall reactions as de?ned beloW, 
in a close approach to equilibrium for most species. 

[0035] RCl Partial Oxidation: 

[0036] Chlorinated organics are partially oxidiZed to CO, 
H2 and HCl. 

CvHWCly+(v/2)O2—>(v)CO+[(W—y)/2]H2=(y)HCl 
[0037] HoWever, since the gasi?er operates With a slight 
excess of oxygen above this stoichiometry, further oxidation 
occurs. Water vapor and carbon dioxide can also participate 
as oxidiZers at gasi?cation conditions. 
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[0038] Further oxidation reactions: 

[0039] The oxidation reactions With oxygen, including the 
reaction CVHWCly+(v/2)O2Q(v)CO+[(W—y)/2]H2=(y)HCl, 
are highly exothermic, and thus provide the energy for 
driving the other reactions, maintaining the gasi?er tempera 
ture as desired. 

[0040] Thermal Decomposition Reactions: 

[0041] In local fuel rich Zones resulting from the less than 
perfect mixing inherent to any burner, thermal decomposi 
tion occurs in the absence of oxygen or oxidiZing species. 

[0042] Where C is soot, and methane CH4 is the 
simplest hydrocarbon molecule Which is quite stable. 

[0043] Gas Shift Reactions: 

[0044] CO+H2O&rlarr;CO2+H2, classic gas shift reaction, 
driven primarily by gas composition, pressure and tempera 
ture have limited effect Within the narroW opening range of 
the gasi?er. 

[0045] CH4+H2O&rlarr;CO+3H2, steam—methane 
reforming driven almost completely to the right at gasi?er 
conditions. 

[0046] Soot is also subject to partial oxidation reactions as 
described in paragraph 1 above, excluding the chlorine 
atom. 

[0047] Other Reactions: 

[0048] Due to the loW partial pressure of oxygen in the 
gasi?er, essentially all halogens, including chlorine as 
shoWn above, equilibrate to the hydrogen halide. 

[0049] Operating temperature in the gasi?ers R-200 and 
R-210 should not be alloWed to drop beloW approximately 
1350° C. Conversion ef?ciency is reduced at loWer tempera 
tures. Because of accelerated corrosion attack to the refrac 
tory system, the gasi?er temperature should not be alloWed 
to exceed 1500° C. Conversion efficiency is very high at 
1450° C. and only limited gains are made at higher tem 
peratures, not justifying the accelerated refractory corrosion. 
Preferably, no RCl or liquid ?uid is introduced to the gasi?er 
until it is preheated to an acceptable operating temperature. 
Reactor temperature is actually controlled on a cascade loop 
With oxygen/fuel ratio. As described above, the oxidation 
reactions provide the heat to drive reactor temperature. The 
02/fuel ratio Will therefore be increased or decreased as 
necessary to adjust reactor temperature to the targeted value. 
This ratio must be carefully controlled because of the 
sensitivity in using pure oxygen Where small increments can 
cause signi?cant temperature changes. The control band 
must also be limited to approximately one-half of the 
stoichiometric oxygen/fuel ratio to insure that the ?ammable 
mixture (syngas) environment in the gasi?er is alWays 
maintained in a reducing state. HaZardous de?agrations can 
occur if excess oxygen is introduced to the fuel rich reactor 
chamber. Target oxygen to fuel ratio for the base feedstock 
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is 0.489 lb of oxygen per 1.0 lb of liquid fuel. This Will of 
course vary as the feed composition changes and if mod 
erator ?oW is varied. 

[0050] Not only steam stream 293 but also, or alternately, 
an HCl/Water vapor mixture stream 530 from a desorber 
T-510 (FIG. 5) can be used as moderator ?oW. The mod 
erator ?oW can be used to temper the ?ame temperature of 
the pure oxygen/fuel burner. This moderator can also serve 
as a coolant ?oW for the burner. Depending on the heating 
value of the liquid fuel, pure oxygen and the fuel can operate 
at the target gasi?er temperature With insufficient oxygen to 
complete the partial oxidation reactions. This results in 
decreased conversion ef?ciency, increased soot. To correct 
this de?ciency, moderator ?oW can be increased, thus per 
mitting additional oxygen While maintaining the target gas 
i?er temperature Within limits. Moderator ?oW can be 
increased until suf?cient oxidant is present to complete the 
desired reactions. In practice this can be de?ned by the 
concentration of fully oxidiZed species in the exit gas. For 
example, CO2 and H20 may be targeted to be no less than 
1.0 volume % each in the exit gas, and values as high as 
10-15% vol. may be acceptable for heavy sooting or poor 
converting feedstocks. Steam as a moderator ?oW should be 
limited as possible because it does put additional load on the 
plant Water balance and decreases the concentration of 
aqueous HCl absorbed doWnstream. 

[0051] The burner BL-200 is an integral and vital com 
ponent of a primary gasi?er. The discharge jet from the 
burner provides a momentum source for mixing in a primary 
gasi?er. The main burner should atomiZe the liquid into this 
mixing jet. Target atomiZation performance might be de?ned 
as Where 99% of the liquid volume is of a droplet siZe of 500 
microns or smaller. This should provide for a suf?cient 
liquid surface area enabling rapid evaporation of the fuel. 
TWo mechanisms play a role in the atomiZation in preferred 
embodiments. The preferred embodiments form the subject 
of a co-?led patent application. In preferred embodiments, 
liquid is injected through an annular arrangement of ori?ces 
centered around a central oxygen discharge. Pressure drop 
through these ori?ces initiates coarse atomiZation of the 
discrete liquid jets. The ori?ces, and thus the liquid jets, are 
directed to intersect out in front of the face of the burner, or 
more speci?cally, along the axis of the oxygen discharge, 
and so intersect With the oxygen discharge jet. The oxygen 
discharge jet provides a primary energy source for atomi 
Zation. Static pressure of the oxygen is converted to kinetic 
energy through the burner noZZle. Preferably the burner 
provides a supersonic noZZle and so achieves a maximal 
velocity. The velocity differential betWeen gas and liquid 
provides an atomiZation energy Which reduces the liquid jet 
to ?ne, discrete droplets. Moderator steam may also be 
mixed With the oxygen upstream of the burner in this 
particular operating mode. Oxygen to the gasi?er is prefer 
ably preheated to 120° C. to offset the temperature drop as 
oxygen is expanded through a supersonic atomiZing noZZle, 
thus increasing atomiZation ef?ciency. 

[0052] To avoid induction of hot reaction chamber prod 
ucts into a near pure oxygen jet immediately at a burner face, 
and to avoid the extreme temperature conditions Which 
result, moderator, or some portion thereof, can be jetted into 
the gasi?er as an annular ?lm surrounding the oxygen/fuel 
jet. This “inert” layer tends to move the hot oxidiZing Zone 
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out away from the face of the burner, thus reducing the heat 
?ux and resulting temperatures on the burner face. 

[0053] FIG. 2B, as mentioned above, illustrates a tem 
perature control ?uid system for reactor vessel Wells. This 
system forms the subject of a separate co-?led patent 
application. The system can operate to control the Wall 
temperature of the pressure vessels to approximately 200° 
C., or safely above the deW point of HCl to avoid conden 
sation and resulting in increased corrosion of the pressure 
vessel Wall. 

[0054] FIGS. 3, 4A and 4B illustrate a quench and solids 
removal stage 300 of a preferred embodiment of a gasi? 
cation process and an absorber 400 and aqueous acid 450 
cleanup stage of a preferred embodiment of a gasi?cation 
process. The quench, solids removal absorber and cleanup 
stages of the preferred embodiment lead to an anhydrous 
distillation stage 500 of FIG. 5, Which is of particular 
signi?cance to the instant invention. The disclosures of 
FIGS. 3, 4A and 4B are included for background purposes 
and clari?cation. 

[0055] FIG. 5 illustrates features of a preferred embodi 
ment for an anhydrous distillation process for halogenated 
materials. The anhydrous distillation area 500 in general 
consists basically of a distillation system, including desorber 
T-510, With auxiliary equipment to desorb a hydrogen halide 
stream, treated herein as an HCl stream, from an aqueous 
(hydrogen halide) HCl stream. A desorber overheads stream 
503 in the preferred embodiment of FIG. 5 should comprise 
essentially a saturated HCl stream (+99 vol. % HCl). This 
HCl stream 503 can be further processed in one or more 
condensors, E-515 and E-520, and in an anhydrous HCl 
drying and compression area 600, including an HCl drying 
toWer T-620. Desorber bottoms from desorber T-510, stream 
501, should comprise an aZeotropic (~22 Wt. % HCl) aque 
ous HCl stream Which can be recycled to an HCl recovery 
absorber, illustrated as stream 554, Where it can be recon 
centrated to target aqueous acid strength. 

[0056] A hydrogen chloride—Water system is a highly 
non-ideal mixture. It forms an aZeotrope at approximately 
20.0 Wt. % HCl at atmospheric pressure. Water has a higher 
activity coefficient above this concentration. The aZeotrope 
shifts With pressure, decreasing (HCl concentration refer 
ence) as pressure increases. The aZeotrope is approximately 
16.6 Wt. % at 59 psig. When an absorber bottoms stream, 
483, 500‘, enters a desorber T-510 above the aZeotropic 
concentration in the desorber, HCl is a volatile species and 
is fractionated overhead. 

[0057] In the preferred embodiment of FIG. 5, aqueous 
acid from storage illustrated as stream 483 and referenced in 
FIG. 4, can be cross exchanged With the bottoms stream 510 
and fed to the HCl desorber T-510. The feed is preferably 
introduced betWeen an upper and loWer packed section. The 
HCl desorber can fractionate HCl overhead While discharg 
ing a Weak aqueous HCl stream from the bottoms. At 
preferred base design conditions (100 psig, 45° C. from the 
secondary condenser E-520) the overheads gas should be 
about 96 vol. % HCl, 0.12 vol. % H2O, With small amounts 
of noncondensibles—primarily CO2 and to a lesser extent 
N2. Essentially all of the noncondensibles should be driven 
overhead in the desorber. Column bottoms may operate at 
approximately 175° C., and an acid concentration of about 
22 Wt. % HCl could be expected. Condensed liquid from 
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both a primary E-515 and a secondary E-520 condenser can 
be collected in a re?ux drum D-515 and pumped back as, 
column re?ux. Aknock-out drum D-520 after the secondary 
condenser can also remove free liquid to help prevent its 
carryover into the anhydrous HCl drying system. The col 
umn reboiler E-510 can be driven by 235 lb. steam. Con 
densate level on the stream (shell) side of the reboiler can be 
controlled to manipulate heat transfer surface area, and thus 
reboiler duty for the column. 

[0058] When producing anhydrous HCl, as per the present 
invention, the Water balance is preferably closed by using a 
sidedraW vapor 514 from a desorber as a moderator for the 
gasi?er. This vapor may be, for instance, about 59 Wt % H20 
and 41 Wt. % HCl. When operating in this mode, the delivery 
pressure to a gasi?er dictates the operating pressure of the 
desorber, Which is about 100 psig. If no sidedraW vapor is 
required for the gasi?er, operating column pressure can be 
reduced to 65-75 psig. The advantage of a loWer operating 
pressure is cooler bottoms temperature Which results in 
loWer corrosion and permeation rates for the equipment. 
Boiling HCl as may exist at the bottoms of the desorber can 
be very aggressive, and milder operating conditions are 
more favorable to equipment reliability. Bottoms tempera 
ture is preferably not alloWed to exceed 185° C. due to 
limitations of the typical impregnated graphite materials of 
reboiler tubes and the typical Te?on linings for toWers and 
piping. 
[0059] The bottoms liquid stream 510, Which is cross 
exchanged With a desorber feed, can be further cooled to 
approximately 40° C. (or by using cooling toWer E-550, 
Which may include use of even sea Water) and directed on to 
a dilute acid drum D-550. This drum can serve as a surge 

volume for the Weak acid, Which can be pumped back to a 
middle section of an HCl absorber, illustrated as stream 554, 
Where it absorbs additional HCl. A small bloWdoWn to an 
environmental area, illustrated as to neutraliZer R-810, can 
be used to control contaminant concentrations if these 
undesirables (salts, metals, etc.) build up to unacceptable 
levels. 

[0060] The folloWing example, produced by computer 
model, illustrates typical parameters of a gasi?cation reactor 
process for halogenated materials. 

EXAMPLE 1 

[0061] The folloWing feeds streams are fed to a gasi?er 
through an appropriate mixing noZZle: 

Chlorinated Organic Material 9037 kg/hr 
Oxygen (99.5% v purity): 4419 kg/hr 
Recycle Vapor or moderator: 4540 kg/hr 
[58.8 Wt % Water vapor, 41.2 Wt % hydrogen chloride] 

[0062] The resulting gasi?cation reactions result in a syn 
thesis gas stream rich in hydrogen chloride. 

[0063] In a preferred embodiment of the present invention, 
referencing the above example, this stream Would be cooled 
or quenched and passed through an absorption step Where 
the hydrogen chloride is recovered in an aqueous solution. 
This aqueous solution Would be forWarded to a distillation 
system Whose principal purpose is to distill nearly Water free 
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hydrogen chloride as an overhead product. The distillation 
toWer is preferably operated at a pressure sufficient to How 
side-draW vapor through a superheater, through a control 
valve, and through a gasi?er mixing noZZle. A vapor side 
draW is preferably extracted from a “reboiler section” of a 
distillation toWer at a ?oWrate to complete the plant Water 
balance. For the above example this Would be per the 
?oWrate and composition described for a gasi?er feed. The 
vapor is preferably passed through a superheating exchanger 
imparting typically 10-20° C. superheat to the vapor, to 
insure that no liquid droplets remain. This vapor Would then 
be fed to a gasi?er mixing noZZle as a moderator stream. 

[0064] Alternatively and/or in addition to the above sys 
tem, a synthesis gas Which has been absorbed free of bulk 
hydrogen chloride, as described above and illustrated as 
stream 418 in FIG. 4, passes through a ?nishing system 700, 
FIG. 1B, Where essentially all hydrogen chloride and other 
contaminants are recovered. This clean synthesis gas can 
then be fed to a commercially available carbon dioxide 
removal system, illustrated as unit 700‘ in FIG. 1B. Carbon 
dioxide can be absorbed, as is knoWn, from the syngas, 
liberated from any solvent or sorbent, compressed if neces 
sary, and fed back to a gasi?er feed noZZle as stream 730 in 
FIG. 1B, also as a moderator. 

[0065] FIG. 1B, discussed initially, illustrates in block 
?oW diagram form the addition of a carbon dioxide recovery 
unit 700‘ after syngas ?nishing unit 700. Tables 2A, 2B and 
2C illustrate a mathematical model run of a prior art carbon 
dioxide recovery unit and illustrate that it is knoWn to 
recover CO2 from syngas streams. FIG. 1B also illustrates 
a C02 recycle stream 730 recycled back and fed to a gasi?er 
200. The CO2 Would preferably be fed through a noZZle or 
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burner in a passageWay provided for an inert gas moderator, 
such as steam. 

[0066] Tables 1A and 1B illustrate the mole fractions of 
exit gas from the secondary reactor of FIG. 2 in a model run 
upon varying the moderator ?oW rate. The tables chart the 
breakdoWn of stream 210 When using a hydrogen halide/ 
steam recycle moderator. The How rate in lbs/hr of the 
moderator stream Was varied from 2,000 lbs/hr to 20,000 
lbs/hr. Results by mathematical model Were computed With 
and Without a nitrogen purge. Note the increased oxygen 
content as evidenced by decreasing CO2 and H20 concen 
trations as recycled vapor moderator How is increased. The 
higher concentrations support the formation of soot. Another 
key factor to note for the operation is the decreasing fraction 
of HCN and MCBZ, for the various moderator ?oWs, 
indicating more complete destruction of undesirable species 
as the moderator ?oW increased. 

[0067] Tables 3A-3E illustrate, from a mathematical 
model, the composition of various streams indicated in FIG. 
2—FIG. 5 for a sample run. The heat and material balances 
demonstrate balancing of the Water across the plant by 
recycling of the Water. 

[0068] The foregoing disclosure and description of the 
invention are illustrative and explanatory thereof, and vari 
ous changes in the siZe, shape, and materials, as Well as in 
the details of the illustrated system may be made Without 
departing from the spirit of the invention. The invention is 
claimed using terminology that depends upon a historic 
presumption that recitation of a single element covers one or 
more, and recitation of tWo elements covers tWo or more, 
and the like. 

Exit Gas From Secondary Reactor (Stream #210) using HCI/Steam recycle Moderator 

Basis: 6-30-99 RCI feed slate 
HCI/steam recycle from Desorber as moderator ?uid 
O2/Fuel varied to control primary gasi?er to 1450 C 
1.5 MM Btu/hr heat loss from primary 
1.5 MM Btu/hr heat loss from secondary 
1000 #/hr N2 purge floW (except if noted) 
75 psig operating pressure 

Aspen File Folder: \Gasi?er With recycle HCI vapor\ 

2,000 5,000 
No 2 N0 N2 

Moderator FloW (#/hr) 2,000 purge 3,000 5,000 purge 10,000 15,000 20,000 

Substream: MIXED 

Mole Frac 

WATER 9.43E-06 3.51E-06 1.07E-02 4.54E-02 4.36E-02 1.24E-01 0.190369 0.246732 

N2 0.022592 0.000138 0.027186 0.025582 0.001352 0.0223 0.019777 0.017778 

02 0.00E+00 9.39E-21 5.87E-14 1.25E-12 1.03E-12 1.38E-11 4.60E-11 1.06E-10 

CO2 6.76E-06 2.41E-06 7.10E-03 2.72E-02 2.60E-02 6.13E-02 0.081936 0.095095 

CO 0.496939 0.50605 0.479269 0.429943 0.442537 0.336036 0.2695 0.219925 

H2 0.211813 0.219081 0.220143 0.216676 0.224961 0.201889 0.184427 0.166906 

HCL 0.249677 0.259451 0.249226 0.249262 0.25546 0.249337 0.2494 0.249446 

CL2 6.83E-08 8.51E-08 6.74E-08 7.22E-08 7.20E-08 8.53E-08 9.95E-08 1.15E-07 

CL 1.54E-05 1.94E-05 1.56E-05 1.68E-05 1.66E-05 1.94E-05 2.18E-05 2.42E-05 

CH4 6.59E-03 6.98E-03 6.30E-03 5.92E-03 6.07E-03 5.15E-03 0.0045531 0.004081 

HCN 0.011664 2.60E-03 1.15E-05 2.30E-06 6.00E-07 5.51E-07 2.36E-07 1.21E-07 

NH3 3.72E-06 2.90E-07 4.29E-06 4.00E-06 9.76E-07 3.26E-06 2.63E-06 2.12E-06 

FORMHYDE 4.77E-07 4.97E-07 4.77E-07 4.20E-07 4.49E-07 3.04E-07 2.22E-07 1.64E-07 
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-continued 

GLOBAL GAS/SPEC TECHNOLOGY GROUP AMINE PLANT PROGRAM 

STRIPPER REFLUX RATIO 2.00 MOI/M01 
STRIPPER OVERHEAD TEMPERATURE 218 F 
STRIPPER FEED TEMPERATURE 205 F 
STRIPPER BOTTOMS TEMPERATURE 246 F 
ACID GAS TEMPERATURE EXITING CONDENSER 120 F 
LEAN COOLER INLET TEMPERATURE 176 F 
COOLING WATER INLET/OUTLET 90 F 110 F. 
AIR COOLING INLET/OUTLET 90 F 110 F. 

[0071] 

GLOBAL GAS/SPEC TECHNOLOGY GROUP PLANT PROGRAM 

AMINE VARIABLES 

CO2 LEAN SOLVENT LOADING 0.100 MOI/M01 

CO2 NET SOLVENT LOADING 0.251 MOI/M01 

CO2 GROSS SOLVENT LOADING 0.351 MOI/M01 

H2S LEAN SOLVENT LOADING 0.000 MOI/M01 

H2S NET SOLVENT LOADING 0.000 MOI/M01 

H2S GROSS SOLVENT LOADING 0.000 MOI/M01 

SOLVENT CONCENTRATION 15 Wt % 

SOLVENT CIRCULATION RATE 1750.0 USGPM 

GAS FLOW/PERFORMANCE DATA 

INLET CO2 PARTIAL PRESSURE 1487.29 InInHg 

INLET H2S PARTIAL PRESSURE 0.00 InInHg 

NET CO2 REMOVAL 539.91 lbInole/hr 

NET H2S REMOVAL 0.00 lbInole/hr 

PERCENT CO2 REMOVED/SLIPPED 99.76 / 0.24 

ENERGY BALANCE 

REBOILER DUTY 77.684 MMBTU/hr 

STRIPPER CONDENSER DUTY 22.069 MMBTU/hr 

CROSS EXCHANGER DUTY 60.428 MMBTU/hr 

LEAN SOLVENT COOLER DUTY 56.351 MMBTU/hr 

UNIT REBOILER DUTY 143884 BTU/lbrnole A G. 

ESTIMATED EQUIPMENT SIZES 

ABSORBER DIAMETER (ESTIMATE FOR TRAYED) 7.6 ft 
ABSORBER TRAY SPACING/No. OF TRAYS 24 in / 20 

ABSORBER DIAMETER: 1.5 IN. METAL PALL RINGS 5.6 ft 

CARBON: (% Slip/V01. (ftA3)/Dia. (£0) 10 / 467.88 / 7.46 
STRIPPER DIAMETER (ESTIMATE FOR TRAYED) 13.0 ft 
STRIPPER TRAY SPACING/No. OF TRAYS 24 in / 20 

STRIPPER DIAMETER: 1.5 IN. METAL PALL RINGS 9.5 ft 

HEAT EXCHANGE EQUIPMENT: AREA (IE2) LMTD (F) UO (BTU/hr*ftA2*F) 

CROSS EXCHANGER 12434 40.5 120 

REBOILER 9996 51.8 150 

LEAN COOLER (WATER) 11278 38.4 130 

LEAN COOLER (AIR) 13329 38.4 110 

REFLUX CONDENSER (WATER) 3297 60.8 110 

REFLUX CONDENSER (AIR) 4836 60.8 75 

LEAN COOLER H2O (USGM) 5640.7 LEAN COOLER FAN (hp) 435.0 

REFL. COND. H2O (USGPM) 2204.6 REFL. COND. FAN (hp) 170.3 
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[0072] 

GLOBAL GAS/SPEC TECHNOLOGY 
GROUP AMINE PLANT PROGRAM 

PUMPING EQUIPMENT ESTIMATES 

AMINE CHARGE PUMP (P.D.) 
AMINE CHARGE PUMP 
AMINE BOOSTER PUMP 
REFLUX WATER PUMP 

68.07 hp 
102.10 hp 
105.00 hp 

2.26 hp 

STREAM CONDITIONS 

INLET SALES ACID 

GAS STREAMS (lbrnole/hr) GAS GAS GAS 

TEMPERATURE, Deg F. 100 110 120 
PRESSURE, Psia 74.70 72.70 22.70 
Ar 0.00 0.00 0.00 
H2 864.52 862.92 1.60 
N2 0.00 0.00 0.00 
CO 0.00 0.00 0.00 
CH4 0.00 0.00 0.00 
C2H6 0.00 0.00 0.00 
C3H8 0.00 0.00 0.00 
C4H10+ 0.00 0.00 0.00 
CO2 541.21 1.30 539 91 
H2S 0.00 0 0000 0.00 
H2O 18.00 15.41 43.34 
TOTAL (lbrnole/hr) 1423.72 879.64 564.84 
TOTAL (M lb/hr) 25.89 2.07 24.55 
DENSITY (lb/HA3) 0.222 0.029 0.154 
ACTUAL ftA3/rnin 1942.10 1210.90 2664.27 
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GLOBAL GAS/SPEC TECHNOLOGY 
GROUP AMINE PLANT PROGRAM 

LEAN RICH 

SOLVENT STREAMS (lbrnol/hr) AMINE AMINE 

TEMPERATURE, Deg F. 110 136 
PRESSURE, Psia 72.7 74.7 
Ar 0.00 0.00 

H2 0.00 1.60 

N2 0.00 0.00 

co 0.00 0.00 

CH4 0.00 0.00 

c2H6 0.00 0.00 

C3H8 0.00 0.00 

C4H10+ 0.00 0.00 

co2 214.71 754.62 

H2S 0.00 0.00 

H2O 41254.34 41256.92 
MEA 2147.09 2147.09 

ToTAL (lbrnole/hr) 43616.14 44160.23 
ToTAL (M lb/hr) 883.80 907.63 
DENSITY (lb/£63) 62.96 64.20 
USGPM 1750.00 1762.54 

USGPM MAKE-UP RE FLUX 

H20 FLOW 

1.47 37.72 
















