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- 1 SYSTEM AND METHOD FOR RECOVERI NG HYDROGEN FROM
EXHAUSTED GAS OF EPI TAXI AL PROCESSES AND OTHER

| NDUSTRI AL PROCESSES 5 The present invention rel ates
to a systemand a nethod for recovering hydrogen from
exhausted gas of epitaxial processes and all those

ot her industrial processes,- iin-particul ar processes
of semi conductor and/or photovoltaic industries,

uskRgrhydr ogen agEduol0 "#&8 CARCOYERINGP! {AXDRbGEN  FROM
reactors and/ or process equi pnents o t he

f
sem or phat ov (&, 1.ndustri i.sch e
1 BB o8EL "t K1 S CTery rt BRTH hyarogen by | AkSe dhuer
contains also other gases as inpurities
(cﬁNBPé?BﬁéﬁeEBOCE§Sg§drochIoric aci d, diborane,
phosphine). Fully satisfactory systens and net hods for
separation and elimnation of such conponents fromthe
exhausted gas and recovery of high-purity hydrogen are

not currest b cavwait abheenfoht resadBsobjech ofydthgn and a
present invention to provide a systemand a nethod

fo vering f au t al
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gr%gggg%ﬁ%¥igg%%%%%?@%vhéé 2N A0 Y Ve Yustrial

processes, 1in particular processes of semiconductor
and/or photovoltaic industries, using hydrogen as a
“gas carrier”.

Epitaxial reactors and/or process equipments of
the semiconductor and photovoltaic industries discharge
a flow of gas that 1is wvery rich in hydrogen but
contains also other gases as impurities (chlorosilanes,
hydrochloric acid, diborane, phosphine).

Fully satisfactory systems and methods for
separation and elimination of such components from the
exhausted gas and recovery of high-purity hydrogen are
not currently available.

It is an object of the present invention to
provide a system and a method for recovering hydrogen
from exhausted gas that allow hydrogen having a high
degree of purity to be effectively obtained, while

being also relatively simple and inexpensive.
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- 2 In particular, it is an object of the invention
to provide technologies that are able to recover raw
materials and sinplify disposal treatnent processes
for the exhausted products, bringing to inportant pay
back 5 either fromthe econom cal point of view or
fromthe environnental point2of- view, the invention
is specifically dedicated to the recovery of hydrogen

and _chirgsilanes ¢ontai 0edahn oexhausted 9as i@tion to
epitaxial “reactors of “the sem conduct or s producti on

onBE GO Fal CoCI RAUSErPas ERAE uSE hyditboert Qs “Uager o

carrier". The present invention therefore concerns a
sySeéariang anﬁletsﬁ@@lﬂéﬁ/ Ky aPegen FECeFEy Y FEcesses for
exhausted gas as defined in essential terns in
anniexeéxtkaistedl mdltlh respertnyety, impdriantheay back
dependent clains as for preferred additiona

feat Unes. rihgn stsé er-andmiebhobRAGROr §ENG itter tde from the
invention allow ultrapure hydrogen at hi gh degree of

SOUSEREERRL a0 SR VB AR ARRA s
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a distillation and purification process, the
chlorosilanes contained in exhausted gas from epitaxial
reactors of the semiconductors production or in all
those processes of semiconductor and/or photovoltaic
industries that use hydrogen as “gas carrier”

The present invention therefore concerns a system
and a method for hydrogen recovery from exhausted gas
as defined in essential terms in annexed claims 1 and 3
respectively, and in the dependent claims as for
preferred additional features.

The system and method according to the invention
allow ultrapure hydrogen at high degree of
concentration to be obtained, in such a way to make it
suitable as feeding gas for epitaxial reactors and/or
other equipments, or in general terms as a carrier of
clean energy for other applications.

After a distillation and purification process, the

invention, moreover, allows chlorosilanes to Dbe
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i nvention, noreover, allows chlorosilanes to be - 3
recovered that can be re-used in the production cycle
of the sem conductors/photovoltaic industry or for

ot her applications. The invention is described in
details in the 5 following non-limting enbodi nment,
wth reference to the draw-ngs-attached, where: -
Figure 1 is a block diagram showi ng the system

accrdi;ag ko dhe | AYENELORe 1 sEIUe 2nisSpaopldRtion cycle
di agram showi ng the main 10 conponents oP t he system

accor di tq the i ventlo Referrln to th ached
7 Gor e508 oPehenen e nber proha At ee tas Ll k| £or
system for recovering hydrogen fron1exhausted gas of
|n8E§?F|éPPéﬁéééé§€§ and particularly from epitaxia
processes and 15 sem conduct or and/or photovoltaic

i ndust rTes piotvesstésn that deechildedgem agletguisls in  the
carrier". System1 includes a gas circulation circuit

2, fohaviypggamdert BimBt 06 hydoegerragnt @i Bhngreference to
exhausted gas, connected to an outlet of an epitaxial

reanton, 0 i 40a8Y LheR egyLpaent using hydrogen as
gas carrier e sem conduct or or photovoltaic
in9u§5ﬁ§&¥% (qptisShgmn%lock diagram showing the system
according to the invention;
— Figure 2 1is a plant diagram showing the main
components of the system according to the invention.

Referring to the attached Figures, reference
number 1 indicates as a whole a system for recovering
hydrogen from exhausted gas of industrial processes,
and particularly from epitaxial processes and
semiconductor and/or photovoltaic industries processes
that use hydrogen as “gas carrier”

System 1 includes a gas circulation circuit 2,
having an inlet 3 for hydrogen-containing exhausted
gas, connected to an outlet of an epitaxial reactor or
any other equipment using hydrogen as gas carrier for
the semiconductor or photovoltaic industries (not
shown) .

Circuit 2 connects 1n sequence the following

components:
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Crcuit 2 connects in sequence the follow ng
conponents: - 4 - a heat exchanger/condenser 5 for
condensation and renoval of chlorosilanes, having a
bl ow down Iine connected to a preferably cylindrica
container 6 for storage of chlorosilanes. 5 - a
residual inpurities abatenent 4goup 7, conprising a
wet scrubber device 8, a filter-dryer 9, a dry

chem cal apsQrpi Ok SELMPDEf cMidndOr & bHEEEldrfisation
11, a high pressure conpressor 12, a dryer 13; - a

storage tank .14: _10 - a palladi um menbrane fj nal :
sy et urs 7o feRElalttb SRS b hedovn Line
treated is piped into_ heat exchanger/condenser 5, for

i nspaneetadt (ise duRdPECTRRAY EYdHaNgeGPdontRnsRINdadeé for
of AISI 316 stainless steel, wth cooling fluid
(wateragadogl ybobrasil@¥es.15 countercurrent to the

gas. The gaseous m xture, by passing through a forced

path in-the heaisexehpngempeendenser dhatsnsa cogkedp 7,
as to cause condensation of chlorosil anes, and

SPECHELERLY il AP bR oRMNON 8o (SChthe cp o,
b X anoe e el 2 ubBe EMHHRRe Y o LM A e P e ank
11, a high pressure compressor 12, a dryer 13;

- a storage tank 14;

- a palladium-membrane final purification unit 15.

The gaseous mixture to be treated is piped into
heat exchanger/condenser 5, for instance a tube bundle
heat exchanger/condenser made of AISI 316 stainless
steel, with cooling fluid (water and glycol at 30%)
countercurrent to the gas.

The gaseous mixture, by passing through a forced
path in the heat exchanger/condenser 5, is so cooled as
to cause condensation of chlorosilanes, and
specifically of silicon tetrachloride (SiCly),
trichlorosilane (SiHCls) and dichlorosilane (SiH,Cl;).

Heat exchanger/condenser 5 is equipped with a blow
down 1line that allows the collection of the Iliquid

condensed 1into container 6.

The hydrogen mixture, containing hydrochloric acid
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down line that allows the collection of the liquid
condensed into container 6. The hydrogen m xture,
cont ai ni ng hydrochloric acid - 5 and several other
impurities, passes through residual inpurities
abatenent group 7 and first of all into wet scrubber
device 8, acting as a first -tmeatnment stage where
hydrochloric acid is neutralized. 5 Then the gas

M XhUr &eRAAT abl ¥ Puliind 84+ iRASSES: s ddu oHghoag %GQQﬁQdual
treatnent stage defined by filter- dryer 9 for r enoval

f . humi d f h d
Cné Uat L oBer R0 te o nd TRon LhPbugh ALThifRo et

treatment stage deflned by dry 10 scrubber unlt 10

t hEFTPEPE st i &5 s8st eIt 18@ umh aﬂﬁ%%ﬁFuErﬁPFﬁeaﬁ stage
absor bent granul ated bed of various type according to

t hehtypehgfironplpirtty toibe isbseulbedl isledt.he end of the
residual inpurities abatenent treatnment phase the

gaseousTHEX! Wy g@fschni&&u&@ne ek 1 5l roperpldied, passes
passes through buffer tank 11; buffer tank 11 is for

I h [ : —
N ?!g@zzra%%s:dﬁ% el g
co gnectlo s, _two of which e, for

PR D i e 62 CRutidtbF, SralY i 5 B the

drain valves; it is designed according to a VSR code
treatment occurred in the wet scrubber device 8; and

then through a third treatment stage defined by dry
scrubber unit 10, that is a stainless steel column
filled up with an absorbent granulated bed of various
type according to the type of impurity to be absorbed.

Al the end of the residual impurities abatement
treatment phase the gaseous mixture, which is more and
more pure, passes through buffer tank 11; buffer tank
11 is for instance made of stainless steel and has a
vertical cylindrical form; it is equipped with 1 *” gas
female connections, two of which are for the IN and OUT
gas, while the other two are for the safety and the
drain valves; it is designed according to a VSR code
and 1its stability 1s guaranteed from three fixed
pyramidal supports.

Compressor 12 is needed for gas circulation into

circuit 2; for instance compressor 12 is a three-stage
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and its stability is guaranteed fromthree fixed
pyram dal supports. Conpressor 12 is needed for gas
circulation into circuit 2; for instance conpressor
12 is a three-stage - 6 conpressor equi pped with the
foll owi ng conponents: - conpression cylinder with
filter on the suction side, - safety val ves on suction
and supply side, check valve on supply side,

pn%BHgEb%s%§|%%% %%e%u%ﬁkﬁntﬁ%df%QQ%Mﬁn%'%ﬂﬁ%ﬁddénQﬁger

to isolate the ‘conpressor in case of energency,; -

hydrostatic driven.transm Ssio el e trlc t.0

EEx d6OTPES 59 PR G IpR %& i gy ok SR rangece Stde.

and oil heat 10 exchan - control and

i nseEaRENTVALYSS piheFus lPﬁeaé@rrp‘-i'% lof . sidpe check valve

el ectrical control instrunentation is reallzed

acoor diupg 1tyo stilte , ATdDe 8 9 CErgllvelel onesucthen and supply

conpressor does not require a forced feed 15

| ubr heation csyetreMm o siinea dite | snequiPReEMIh sel fecase of

Iubrlcat|ng seals and it does not allow in any case

nation of the gas by the transm ssion oi

SmF 8g%ﬁg]presence of the internmedi ate separation

double |solat|on chanmber; therefgre oi]l separators
ar e @ros atic drpven transmlssgon with g?ec%rlc motor

EExde IIC;

- inter-phase and supply heat exchangers and oil heat
exchanger;

- control and instrumentation panel of the compressor.

The electrical control instrumentation is realized
according to the ATEX 94/9/CE guidelines.

The compressor does not require a forced feed
lubrication system, since it is equipped with self-
lubricating seals and it does not allow in any case the
contamination of the gas by the transmission oil due to
the presence of the intermediate separation double
isolation chamber; therefore o0il separators are not
necessary.

Foundations or clamps are not necessary because of
the hydrostatic low frequency transmission.

The system 1is equipped with an IP 55 protected

version not explosion-proof switchboard in order to
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20 necessary. Foundations or clanps are not necessary
because of the hydrostatic |ow frequency

transm ssion. The systemis equipped with an IP 55
protected version not expl osion-proof swi tchboard in
order to - 7 supply power to the conpressor and to
the automation control systemand it is provided with
start up and shutdown push-buttons. The cooling is

re@h%gg?kﬁbﬁ%§!9§e%H§ré%%§r§§§$§nhné‘M&rkﬁéy%%komation

reci ation, including: - appropriate area cool er

panel with fan; - recircul ation pu f _appropriate
CaBRREEG G FRY Gl at fon B e gl YEBR g T nge 2nd
conpressor and the radiator 10 Pneumatic driven
vabPiesdare pHshaPMédOons-the conpressor suction and
supply side for the conpressor isolation in case of

enmer gentie Bowhshpeam ceapiesdobyld, cabbed aifrurtiftesystem
dryer 13, there is a storage tank 14 acting as a

copt ahnglyebl tactheuhydiegenidenuming:fromthe high
pressure conpressor (for instance around 41 absol ute

b tank._.1 \ I k, i
dggfé%ggm%e a0, 14,038 L BeBAeyl oS chadk, 19

accordrng to t code and t hé Eur opean

CGui del i ne _ , ,
- recirculation pump of appropriate capacity for the

circulation of the glycol into the compressor and the
radiator

Pneumatic driven valves are installed in the
compressor suction and supply side for the compressor
isolation in case of emergency.

Downstream compressor 12, after a further dryer
13, there is a storage tank 14 acting as a container of
the hydrogen deriving from the high pressure compressor
(for instance around 41 absolute bars).

Storage tank 14, as the previous tank, 1s designed
according to the VSR code and the European Guideline
97/23/CE (PED); in order to save space it has a
vertical cylindrical form; it is equipped with 1 *” gas
female connections, two of which are for the IN and OUT
gas, while the other two are for the safety and the
drain valves; the tank stability 1s guaranteed from

three fixed pyramidal supports.
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97/ 23/ CE (PED); in order to save space it has a 20
vertical cylindrical form it is equipped with 1 1-~"
gas fenale connections, two of which are for the IN
and QUT gas, while the other two are for the safety
and the drain valves; the tank stability is
guaranteed from three fixed gyram dal supports. - 8
Then purification unit 15 with palladi um nenbranes

al l ows the,highest ~degrge of cpUEi LY +@f Shdreden tm%rr@ﬁcﬁnes

obtained; unit 15 is an independent unit provided wt

a heating.elenent (elegtric resistance). Such.system

PR LGP e T pUTIY t FAC S o FUG A 1% R GRoGEE o be
pressure storage tank 14, fromall of the residual ,

i rphEREned; HPAL d delgt e ofnPEpeRgeRE 99169999% dpRe with
hi gh purity hydrogen is finally collected into a |ow

pr eskapeistoragachankeléctirachecysedaagailn iSmchheysi@m is
epi taxi al process or in other processes needing Pure

Hydrogen.o Tparsyst etpd nghddesqsh f+ Bi@nte roaf ebygh pressure
devices: - an energency switch is installed near the

! SEioie, FTRCERST o0 e 0BTt ook gt

the active safety protectio S .an extingui sher
of Létdss ﬁﬁﬂ5§eb8§onSFE¥a§Ee§%dégggg6the °

The high purity hydrogen is 'finally collected into
a low pressure storage tank 16, to be used again in the
epitaxial process or in other processes needing Pure
Hydrogen.

The system includes different safety devices:
- an emergency switch is installed near the electric
compressor engine in order to immediately shutdown the
machine in case of emergency
- among the active safety protection systems, an
extinguisher of class D has been forecasted due to the
presence of the palladium in the purification system
- among the passive safety protection systems, a
sprinkler system has also been forecasted.

The invention method essentially includes
therefore the following steps:
- exhausted gas condensation with chlorosilanes

recovery , via heat exchange preferably with a glycol
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presence of the palladiumin the purification system -
anong the passive safety protection systens, a 20
sprinkl er system has al so been forecasted. The

i nvention nmethod essentially includes therefore the

foll owi ng steps: - exhausted gas condensation wth

chl orosil anes recovery , vi-acheat exchange preferably
with a glycol 9 - solution; - residual inpurities
abatementtreatnment; - final purification, preferably

t hrough a pall adium nenbrane unit. 5 The residua

i npurities _abatenent .trea nt in _turn _conprises: - a
wet SEPUBDET PHGRE FoF hyaPaeRrari & 56 BCbat emont : -

a filtering-drying phase for renoval of humdity ,
deri Vildge ¥ r BHTE R CRréPRousP iR e At e nERt oddat Fre Ml LEGi 1 um
- a dry chem cal absorption scrubber phase, via an
absembeathegnanul. at ed bed of different type according

to the type of inpurity to be absorbed; It is

i nt endednt hate g0gh &1 catih@ns: @nek changesnGan theatment in

i ntroduced into the systemand the nethod herein 15

degﬁg%bggmgggsggLustrated wi t hout, however, departing
fromthé scopée of the acconpanying d ai ns.

- a wet scrubber phase for hydrochloric acid abatement;
- a filtering-drying phase for removal of humidity
deriving from the previous wet abatement treatment;
- a dry chemical absorption scrubber phase, via an
absorbent granulated bed of different type according to
the type of impurity to be absorbed;

It is intended that modifications and changes can
be introduced into the system and the method herein
described and illustrated without, however, departing

from the scope of the accompanying Claims.
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- 10 - CLAIMs 1. System (1) for recovering hydrogen
from exhausted gas of industrial processes using
hydrogen as a "gas carrier”, in particular epitaxial
processes and 5 sem conductor and/or photovoltaic

i ndustrial processes; the system (1) conprising a heat
exchanger/ condenser (5) for rondensation and renoval
of the chlorosilanes fromthe exhausted gas. 2.
System according to claimdy whgiein the 10 system
(1) conprises a circuit (2) that connects: - a heat

exchanger/ cqndenser f or _condensati.on_ an r enoval

of chIofOsi%§ﬁ§§?l- g?fesgaﬁalﬁ%ﬁﬁﬂﬁﬁy%% a%ggéﬁ%%P from
groug (7), including a wet scrubber device (8) for
hy@xBeREbefcIaci @f 19dusisial, PEOFrEEes- deyed (YProgen as
abatenent of humdity deriving fromthe treatnent in

t he Webksscraubherdevircepa¥8)cubadryptherigal processes and
absorption scrubber unit (10) provided with a

gr aayh abggadserbkna,/Bedpnotavhakbadi umanerbriane dridilsses;
purification unit (15). 20 3. Method for recovering

h . i . .
ygﬁggh dsf{e%m %ggagéﬁngg%l@ﬁ% of, indust e&@lhaﬁ(rggaﬁ:gr%%%%enser

N
usi ng rogen carrirer”, In particu

epi taxi al processes and sem conductor_and/ or ,
phé%bvéﬁﬁnQPﬁé%ﬂﬁﬁF%%ﬂ ﬁ?§c§§§€§?ﬁ of "the chlorosilanes

from the exhausted gas.

2. System according to <claim 1, wherein the
system (1) comprises a circuit (2) that connects:

- a heat exchanger/condenser (5) for condensation and
removal of chlorosilanes;

- a residual impurities abatement group (7), including
a wet scrubber device (8) for hydrochloric acid
removal, a filter-dryer (9) for abatement of humidity
deriving from the treatment in the wet scrubber device
(8), a dry chemical absorption scrubber unit (10)
provided with a granulate adsorbing bed;

- a palladium-membrane final purification unit (15).

3. Method for recovering hydrogen from exhausted
gas of industrial processes using hydrogen as a “gas
carrier”, in particular epitaxial processes and
semiconductor and/or photovoltaic industrial processes;

the method comprising an exhausted gas condensation
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the nethod conprising an exhausted gas condensation -
11 phase for condensati on and renoval of

chl orosilanes fromthe exhausted gas, perforned via
heat exchange preferably with a glycol solution. 4.
Met hod according to claim3, conprising, after 5 the
condensati on phase, the phasesiof: - residua
impurities abatenent treatnent; - final purification,

pr g&sééb' YoPerd QB by & Bakl agdiyByFeMS Ane N tos S.anes
hod according to claim4, wherein the 10 residua

urities abatement freatnent_ includes:
aggfg?%en% UC ali zati |tnOJrrllJ & Vl %%or jegchange

ase neug on o
acid; - a fllterlng dryi ng phase for reanaI of the
huRFEEEYaPaEr PHtRg of FéNCORe SPLEY6ls wet abat enent
phase; 15 - a dry chem cal absorption scrubber phase,
per for méd Meyhad avswrvemy grantlatred3bedowbrdisfihgremtiter
type according to the type of inmpurity to be
abspebedndensation phase, the phases of:
- residual impurities abatement treatment;
- final purification, preferably performed by a
palladium membrane unit.
5. Method according to claim 4, wherein the
residual impurities abatement treatment includes:
- a wet abatement ©phase for neutralization of
hydrochloric acid;
- a filtering-drying phase for removal of the humidity
deriving from the previous wet abatement phase;
- a dry chemical absorption scrubber phase, performed

by an absorbent granulated bed of different type

according to the type of impurity to be absorbed.



