R N U o T I |
LA-UR - 8o -2G400O Coei

TITLE: The LASL Thermochemical Hydrogen Program Status on September 30, 1980*

MASTER

AUTHOR(S): K. E. Cox, C. L. Peterson, W. M. Jones, M. G. Bowman

SUBMITTED TO: Proceedings of the Annual Contraciors Review Mee*ing for
the Department of Energy’'s Gtfice of Advanced Conservation
Technologies, Thermal and Chemical Storage Branch,
October 13-16, 1v80.

DIECLAIMER
[

*
Work performed under the auspices of the U.S. Departinent of Energy.

By acceprance ol thiy irticle, the publisher rpcogaizes thin the
US. Goavernment metmns a nonexclusive, royalty fren joense
to publish or repraduce the published torm of this cominb-
tion, ar th allow oters 10 do so, for LS. Govervpent
JrOAS,

The Los Al Soentitic Laboratory tequests that the pub.
hsher identify thes artiele as work peelarmed under the au
pces of the US Departent of Lnergy

™ LOS ALAMOS SCIENTIFIC LABRORATORY

Post Oftice Box 1663  Los Alamos, New Mexico 87hH4Y
An Affirmative Action/Equal Opportunity iyployer

SOTOGUTION Do 00 ORUMENT IS UNUMITES

Yorem No, B0 1

UNILI D Waanar s
St, Mo, 2629 DY BAICIMINT (0 L NENLY
V2114 e rmeanmn e aee e


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THE LASL THLRIWOCHEMICAL HYDROGEMN PROGRAIl STATUS ON SEPTEMGER 30, 1980*

Kenneth E. Cox, Charles L. Peterson, Wesley M. Jones, and Meivin Bowrian
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

Abstract

The work described here was accomplished during
the period October 1, 1979--September 30, 1980.
Highlights of the experimental program were:

0 A solids decomposition facility was con-
structed and used to study the handling of
bismuth oxysulfates and the kinetics of
tieir decompositian,

o The results of our kiln experiments showed
that a substantial amount of bismuth oxysul-
fate decomposition occurs with residence
times. under 2 min. at temperatures between
973 and 1143 K.

The LASL bismuth sulfate sub-cycle thus appears a
candidate for hydrogen production utilizing a solar
heat sourte. 1In the evaluation phase of our work,
the technoeconomics of the hybrid sul fur cycle were
determined and compared with several published re-
sulls as well as courpared to the technoeconomics for
water clectrolysis processes for hydrogen produc-
tion.

We aided the efforts of the Department of En-
ergy (DOL) Thermochenical Cycle Evaluation Fanel in
reviewing the Lawrence livermore Laboratory (LIL)
2inc selenide cycle as well as the General Alomic
(GA) sulfur-iodine cycle.

M. G. Rowman, U. S. Technical Contact for the
International Energy Agency (I1EA) Annex 1 Agrecment
on Thermiochemical Hydrogen Production, coordingted
U. S. contributions to the 3rd Annual llorkshop held
at Tsukuba Science City, Japdan, June 18-21, 1.80.
The successful workshop was attended by five dele-
gates from the U. S. and also included interpational
participation.

1. _Sclids Decomposition Facility

The metal sulfate sub-cycle currently being
studied as part ol our applied program under the
01 fice of Advanced Conservalion Technologies is a
bismuth oxysulfate cycle. In a related program
under the Office of Energy Pescarch, mora bavic
studirs ot alternative sulfates are hzing conducted
te delermine whether they of fer advantages for the
applied proygram.

The present version of Lhe bismuth oxysul fate
cycle may be described as follows.

?H?()(l)'502(9)'"?504(”)HI?(g) Llectrolysis an0p
Ei, U 50, (s)400, 50, (aa)-B1,0(50, ), (s }+1L,0(1)  Abuk
ui?()(e;nd);,(s) ln.)(l;,s.!d(s)usu_‘(u) 1000 1145t

S0 (a) S0, (a)10.4 0,(a) 12000k

QYark pevtorewd under the quspices of Che 1Yy B0,

The bismuth oxysulfate system is Jesirable be-
cause it decomposed rapidly at moderately high ten-
peratures, and the decompnsed product reacts rdgidly
with dilute sulfuric acid solutions, giving an in-
soluble product. This is important in mininizing
solution concentraiion steps.

Two disadvantiges are the rather high cost of
bismuth compounds although this becor=n a plant in-
ventory rather Lhan an operating cost, as nearly 41l
of the bismuti is recovered and recyled. The other
is the water-retention problem and the fact that the
disulfate forms a trihydrate.

A laboratory-scale rotary kiln was construcled
from a 25-rm o.d. quartz tube, so supporied that it
could rotate freely inside a 350-mm long, ¢5.4-rm
tube furnace. This furnace was capable of tuenyjéra-
tures to 1283 K. The quartz tube teminated in a
standard taper female joint which rotated on a mele
counterpart machined from Teflon. This afiorded «
gas-tight rotary seal without need of Jubrication.
The Teflor joint extended to a Teflon body which
supported a reclangqlar hepper constructed from
Loxan polycarbonate sheet. A Teflun auyer passed
through the body anu the tapered joint. The auyer
was rotated by a geared drive so that the feed rate
could be varied in steps. Also, built inte the
body and out through the taprred joint was a gas
pessage, which could support a quartz tube protrud-
ing into the centor of the quartz kiln, providing &
leak-free exit for S03 and carricer gas. The kiln is
shown in Fig, 1,

A natrix of kiln experirents using composite
feed and the save kiln inclination vere made.
These explored the effect of four sebt tergierdluses
and three rotational speads. Temperatures of 945,
1023, 1073, and 1121 K were chosen,

The results of these expericents are prezented
in I'iq. 2. Proevious experiments of this Lype have
showr Lhat the maxirum decomposition that will oc-
cur in a few minutes such as in a kil experiment,,
never seems Lo go heyond a coiposilion of approxi-
matoly Hiznu_zu?an) 7+ Since th feed composi-
tion is ﬂl?bq 4(504?? g VL it Pasumed that a
maxirum of I.3ﬂ moles of S04 can be driven off {n
the laboratory-scale hiln with this feed,

The main conclusions to be drawn fron this ma-
trix of cxperimenty is that ¢ substantiol anount of
decorperftion was nbtatned in short {(less than
? win.) reaction times at 973 K to 1143 K. In ad-
dition, hy proper arocodures, which appar to be
industrially compatible, bismuth ponoxydisulfate
can be prepared with an altered morphology and par-
ticle size conducive to good solids hamdling char -
act wrintion,

Our Yatest wurk has been done with reconngi-
tuted feed with a composition, “'J”u.h(““J)?.d'Nf“
made fron Five bacones that had been run thrangh
the Litn and trected with 3 M salfuric acid,  Thin
paterial decorponed to Bipha s (hia)y gy ot 1dt K
however, the sodtd showsd d1 ferent handling char.
acterintios than the ro Bier foed prepared trare
cedgent apetae LG Tactin e vaperimentet ion il



Figure 1.
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Figuwre 2. Decomposition Rate in Kiln,
recate these characteristics tu practical operating
condltions,

In suenary, ot appears that the 1AS bismuth
sulfate sub-cycle affors a practical means to mini-
e some of Lhe dif teul ties Ao handling sulfuric
acnd that are asnociated with cycles such as the
hybrbd salfur cycle and the sulfur-iodine cycle.
1t rolidy handlHog problems are got Lo severe, this
cyc e apprars well adapled Tor hiydrogen product fon
trom a solar thevaal energy sowmce,

1. Cycle tvalual lon

howvvey ol capital cost estinates and process
ctirciencien tar two ditterent technologies for the
prolactiae of hydvogen has heen pertorned.  Thern
cheriical cycles show contys ranging Frowm $600 -
Vlre v e atii e advanced methads ol water electro
o yeree entisated in the range of $20n
il e oo aeneral, ettciencjes tor theim

LASL Solids Decomposition Facility (Rotary

Kiln)

chenical cycles were higher at 40 - 55 , than tor
water electrolysis sysicms at 30 - 40..

In the techno-economic evaluation of thermo-
chemical cycle technulagy, ti® hybrid sulfur cycle,
knuwn commonly as the "Mestinghouse Sulfur Cycle
and the "JIRC Mark 17 Cycle,” has received Che most
attention. This cycle 1s characterized by the fol.
Yowing reaction sequence:

20,0 + 50, _el_e_ct:-ply_s_is> 1,50, 4+ H 350k

¢

H, 50, Thernial > H,0¢50,+1/20, 1100K

In both the Hestinghouze and the JRC versions,
the process operates ofl nuclear heat delivered as
a high-temperature helium gas stream from a H1° 2 or
a Very-Hiyh Tesmperature Reactor (VINE). 1f instead
solar heat is considered for o thermochemical cycle,
an additional factor must be considered. This 1is
Lhe cost of soldr heat at the temperature vequired
for the process. Solar hedl is intermittenl both
on a daily basis (night and duy) as well as during
cloudy periods during the day. The lower capacity
factor for solar plants {(as contrasted to nuclear
plants will have a larger elfect on capital cost ay
copared to a nuclear plant,  Solar-thermcchemical
schomes are Just now recedving attention and this
potentially pronlsing teclnology haw in 1ty favor
the capability of delivering heat at a practically
fsothermal tewporatuee to a themmnchenical cycle
allowine conslderation of cycles invalving solid
oxlde o sultate decompos i ions,

Detailed sumnaries of the estimated investment
costy and efficiencies devived foi toe dittorent
processes are presented in bae chard torgal in
Fige., 3 and 4 on the banis of & Investment /eI,
(1979 8) and () ettictoncy,  1he data were deam
from o wmber of original refevences in the Tters:
Lure,
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Figure 4. Investment and Efficicney Lstimates for

llater Electrolysis.

The cost data show slight diffevences in in-
vestrent between two melhods of hydroyen generation,
All costs were in the range, $589 - 1009/kU Hy.,
Efficiencies are in general, higher for tnermochen.
ical cycles than for water clectrolysis.  [hese
range from 17.2° to 44.1'. for thormochemical cycles
and trom 372.7 to 40.0.. tor waler electrolysis,

The valuas of {nvestment cost or effiriency
derived are only as good as the aisumptions.
Values atf the sulfur dioxide elecirclyser voliage
assuried in early studies on the hybrid sultur ¢ycle
wore below 0.5 V at acid concentrat iony of the 74
0 wi . These valtages are impowsible to attain
under the assumed conditions. In these <ases, n:
vestrent costs and efficienciss st be revised to
reflect conditions that are more vealistic,

There does not appear to be any sleplint e
method to detemmine investuent costs or el icion-
cies tor new technologies such an thermochemfoal
eyt bew or advanced water electrolysis, Lompute
codes il speed the process of cost enteation hut
a fowsheol petlecting roliable opevat ing condi
ton 1y otV the prime vequiverient in techno
cooncait evaluat fon,

I, POL Thermocenenical Cyele Evaluation Parel.

LASL suppart is being provided to this pancl
that is chaired by Dr. ). B, Fuak (University of
Fentucky). Two cycles have undergone evaluation
in thi« reporting period, the LLL zinc selenide
cycle and the GA sulfuy fodine cycle,

IV. 1EA Annex 1 Morkshop

The th.rd antual I1LA, Annes 1 Horbshop on
Thermochemical Hydrogen Product ion was held in
Tsukuba Science City, Japan, 18-21 June, 19,

Attendees from the Uniled Stales were:

M. G. Doman, Los Alaros Scientific Laboratory
C.F.V. tlason, Los Alais Scientitic Laboratory
G. Dusenbruch, Geoacral Atosic Conpany

G. Pevker, Mestinghouse Tleciric Corporatien
0. Emikorian, Lavrenee Liversiore Lohoratory

Nn. G. Bovman, U. §.
MAnnex I coordinated U. S.
lorkshop.

technical contact tar
participation at tni-



PROJECT SUMMARY

Project Title: Thermochemical Processes for Hydrogen Production
Principal Investigata~: Melvin G. Bowman
Organization: Los Alamos Scientific Laboratory

P. 0. Box 1663, MS-756
Los Alamos, New Mexico 87545
FTS 843-6014

Goals: The overall objective of this program is to contribute to the develop-
ment of practical thermochemical cycles for the production of hydrogen
from water using primary heat sources.

Status: The principal program tasks are:

1.0 Experimental: Studies are being conducted to obtain accurate
thermochemical data and practical kinetic data for key reactions in cycles
that match the heat delivery characteristics of different heat sources.
Currently, reactions for the formation and decomposition of bismuth
oxysulfates are being studied as steps that minimize heat requirements
for solution concentration in sulfuric acid cycles designed to couple
with solar heat sources. Studies in a solids decomposition facility
consisting of a rotary kiln have shown that 8120(504)2 will decompose
in less than 2 minutes at Lemperatures ranging from 973 to 1143 K.,
Activities for FY-91 will consist of additional bismuth oxysulfate
decomposition experiments and studies o:" bismuth oxysulfate reactions
with sulfuric acid at different temperatures and acid strengths.

Design studies will be initiated to determine the suitability of
different solids decomposition systems for solar heat input.

2.0 Process Evaluation: Technoeconomic studies have been conducted
to determine differences in estimated capital costs and efficiencies
between water electrolysis and thermochemical cycles as paths for
hydrogen nroduction from primary heat sources. The differences found
were rclatively minor and within estimation error. The final best
method will depend on technical advances made in both branches of
technology.

3.0 I.E.A. Information_Exchange: As a continuing activity reports
and papers are exchanged between U. S. Laboratories and other
countries participating in Annex I. of the I.E.A. Aqreemen. on
Hydrogen Production. The fourth Annex I workshop is tentatively
scheduled to be held in Juelich, Germany, during the sumer of
1981.
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Funding Source: Department of Energy/Advanced Conservation Technologies



