
s

Gas and Liquid Analysis in
Ethylene Production Plants
Application Note Process Analytics

Ethylene, H2C=CH2, the lightest
olefin, is a colorless, flammable
gas. It is a very important starting
material for the production (poly-
merization) of many petrochemi-
cal end products such as fibers,
plastics, resins, etc.
Thermal cracking of hydrocarbons
is the principal route for industrial
production of ethylene. Valuable
by-products including propylene,
butadiene, and benzene are also
obtained during the cracking pro-
cess. Selectivity for a desired
product scope is an important
objective in the design of cracking
furnaces.
Cracking furnaces are tubular re-
actors, known also as crackers or
steam crackers. Modern reactors
are arranged in vertical rows with
a capacity of a single furnace
well over 100,000 t/yr.The basic
reaction proceeds in the pyrolysis
coils of the radiant section of the
furnace.

Ethylene

Common feedstocks for ethylene
production are naphta, natural gas
or ethane. The entire production
process including distillation of
the different by-products varies in
detail depending on feedstocks,
contractors and technologies ap-
plied. In thermal cracking technol-

Production of ethylene

ogy the process can be split into
five major sections, see box be-
low.
Cracking reactions are endother-
mic with heat supplied by firing
fuel gas and/or oil in a large num-
ber of side-wall or floor burners
of the furnace. Since only about
50 % of the fired energy is ab-
sorbed during the cracking pro-
cess, considerable amount of
energy can be extracted from
the flue gas of the furnace (when
passing through the convection
section) to preheat the feed.

A number of environmental and
safety objectives must be consi-

Steps of ethylene processing (fig. 1)
nnnnn Cracking of preheated naphta or other feeds in a group of

cracking furnaces with steam added as a diluent to the feed to
minimize the formation of coke and to improve selectivity. Inlet
temperature is kept between 500 and 700 °C depending on the
feed, outlet temperatures are 750 to 950 °C.

nnnnn Quenching (fast cooling) of the reaction mixture leaving the
furnace in quench coolers, also called transferline exchangers
(TLE), with valuable high pressure steam generated as by-product
The TLE outlet temperature is 350 - 650 °C depening on feedstock
and design.

nnnnn Separation between pyrolysis gasoline and pyrolysis fuel oil
nnnnn Removal of water and acid gases (CO2 and H2S) from pyrolysis

gas in a multi-stage compressor
nnnnn Final drying, cooling and distillation of the pyrolysis gas in

a system of several units and thus production of the different
products including ethylene

dered during ethylene production.
Flue-gas emissions such as NOx
and SO2 must be reduced in inte-
grated DENOX and scrubbing
units. Waste water and solid
process waste resulting from
severals plant units has to be
treated properly including incin-
eration before disposal.
Personnel and plant safety objec-
tives are also stringent because
ethylene is highly flammable and
explosive over a wide range of
mixtures with air.
Ethylene production is a complex
process and thus an ethylene
plant consists of up to 30 single
units as shown in fig. 1.



Measuring  tasks
Process analyzers are a very im-
portant part of ethylene plant field
instrumentation. Analyzer measuring
tasks are grouped into
• Process control and optimization
• Product quality control
• Personnel and plant safety control
• Environmental compliance control
50-100 analyzers may be installed in
one plant, measurements include
furnace flue gas, cracked gas, steam
systems, water and condensate
sytems, feedstock quality, stack and
water emission, ambient air quality,
etc. Continuous and reliable process
control including the use of analyzers
is especially critical in ethylene
production because cracking reac-
tions change as the run proceeds.

Fig. 1  Ethylene production process flow chart (typical example)

The OXYMAT 6 is a gas analyzer
that operates according to the para-
magnetic principle and is designed
for high-precision measurements of
oxygen concentrations in gases.
The pulsating magnetic field creates
minute flow pulses detected by the
Siemens microflow sensor and con-
verted into the measuring signal.
Thus, the OXYMAT 6 does not con-
tain any moving parts. The sample
stream gas also does not come into
contact with the microflow sensor,
which ensures an extremely long life
time and high operating stability.
The OXYMAT is listed by many end-
users for safety measurements.

Application of  Siemens
process analyzers
Siemens is known for its wide pro-
duct line of gas and liquid analyzers
as well as gas chromatographs,
which are highly qualified and suc-
cessfully tested for use in ethylene
plants, see table 1 and 2. Siemens
is able and very much experienced
to engineer and to deliver the entire
analytical equipment as system sup-
plier or to deliver just the analyzers
either to another system integrator
or directly to the end user, in case of
upgrading, for instance. The key
analyzers with their features and
benefits are described briefly in the
following.

Table 1  OXYMAT 6  features and benefits
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The ULTRAMAT 6 is a gas analyzer
that operates according to the non-
dispersive infrared principle (NDIR).
It is designed to perform highly
selective concentration measure-
ments of infrared-sensitive gases.
The ULTRAMAT 6 uses the two-
beam alternating light principle with
a measurement and comparison cell,
dual-layer detector, and optical
coupler.This optical bench design
produces an extrenely narrow
absorption curve minimizing the
influence of overlapping spectra.
Thus an unparalleled analytical
precision is obtained.Table 2  ULTRAMAT 6 features and benefits

Fig. 3  Series 6 gas analyzer
             in field housing
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Fig. 2  Ethylene plant (cracker)
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Table 3  List of sampling points (ref. fig. 1), measuring conditions and analyzers

PM noitacoltniopgnirusaeM ksatgnirusaeM gnirusaeM
tnenopmoc

egnargnirusaeM tnempiuqegnirusaeM

1 retaeherpenahteerofeB lortnocdeeF OC 2 mpp001...0 xEF6TAMARTLU
2 sageulf,ecanrufgnikcarC lortnocecanruF O2 %8...0 eborpainocriZ
3 sageulf,ecanrufgnikcarC lortnocecanruF OC

ON(ON 2)
O2

3m/gm002...0
3m/gm052...0

%lom8...0

32TAMARTLU
32TAMARTLU

6TAMYXO
4 ecanrufgnikcarC lortnocecanruF OC 2 mpplom0005...0

%lom5...0
.pxEF6TAMARTLU

5 ecanrufgnikcarcretfA lortnocecanruF H2

HC 4

C2H2

C2H4

C2H6

C3H6

C3H8

4CmuS

%lom04...0
%lom03...0
%lom2...0
%lom04...0

%lom05...0
%lom5...0
%lom5...0

roIInoitide203CGP
MUXAMecnavdA

6 teltuoretaeherpenahtE lortnocdeeF H2

HC 4

C2H2

C2H4

C2H6

C3H6

C3H8

4CmuS

%lom04...0
%lom03...0
%lom2...0
%lom04...0

%lom05...0
%lom5...0
%lom5...0

roIInoitide203CGP
MUXAMecnavdA

7 spmupretawhsaW lortnocretawssecorP Hp 21...2Hp NAPIS
8 retaehrepusmaetsssecorpteltuO lortnocmaetsssecorP Hp 21...2Hp NAPIS
9 reppirtsretawssecorP lortnocretawssecorP Hp 21...2Hp NAPIS
01 teltuorebburcssag-ffO lortnocrebburcS OC 2

OC
mpplom5...0

mpplom0005...0
IInoitide203CGP

.pxEF6TAMARTLU
11 reyrdsagsekcarC lortnocreyrD H2O mpplom5...0 AN
21 reyrdsagsekcarC lortnocreyrD H2O mpplom5...0 AN
31 reyrdsagsekcarC lortnocreyrD H2O mpplom5...0 AN
41 rotarapes3C/2C lortnocmaertstcudorP C2H2

3CmuS
mpplom00001..0
mpplom0003...0

roIInoitide203CGP
MUXAMecnavdA

51 rotarapes3C/2C lortnocmaertstcudorP C2H6 mpplom0001...0 "
61 rotarapes3C/2C lortnocmaertstcudorP 3CmuS mpplom0003...0 "
71 reyrdta2C lortnocmaertstcudorP C2H2 mpplom01...0

mpplom001...0
"

81 reyrdta2C lortnocmaertstcudorP H2O mpplom5...0 AN
91 reyrdta2C lortnocmaertstcudorP H2O mpplom5...0 AN
02 rezinahtemederofeB OC

C2H4

mpplom0003...0
mpplom00001..0

%lom5...0

roIInoitide203CGP
MUXAMecnavdA

12 rezinahtemeD lortnocmaertstcudorP HC 4 mpplom0002...0 MUXAM.vdA/203CGP
22 rotarapesenelyhtE/enahtE lortnocmaertstcudorP C2H4 %lom5...0 "
32 rotarapesenelyhtE/enahtE lortnocmaertstcudorP C2H6 %lom01...0 xEF6TAMARTLU
42 metsystnaregirferenelyhtE lortnocmaertstcudorP H2O mpplom5...0 AN
52 metsystnaregirferenelyhtE lortnocmaertstcudorP H2O mpplom5...0 AN
62 rotarapesenelyhtE/enahtE lortnocmaertstcudorP HC 4

C2H2

C2H6

mpplom0001...0
mpplom01...0

mpplom0051...0

roIInoitide203CGP
MUXAMecnavdA

72 metsystnaregirferenelyhtE lortnocmaertstcudorP HC 4

C2H2

C2H6

mpplom003...0
mpplom01...0

mpplom0001...0

roIInoitide203CGP
MUXAMecnavdA

OC
OC 2

mpplom2...0
mpplom5...0

roIInoitide203CGP
MUXAMecnavdA

HN 3 mpplom1...0 )QNAPIM(AN
HOeM

HOrP
lynobraC

mpplom1...0
mpplom1...0
mpplom1...0

roIInoitide203CGP
MUXAMecnavdA

H2O mpplom2...0 AN
O2 mpplom5...0 AN



Table 3, continued

PM noitacoltniopgnirusaeM ksatgnirusaeM gnirusaeM
tnenopmoc

egnargnirusaeM tnempiuqegnirusaeM

82 tinu1-enetuBerofeB lortnocmaertstcudorP HC 4

C2H2

C2H6

mpplom0001...0
mpplom01...0

mpplom0001...0

roIInoitide203CGP
MUXAMecnavdA

OC
OC 2

mpplom2...0
mpplom5...0

roIInoitide203CGP
MUXAMecnavdA

HN 3 mpplom1...0 )QNAPIM(AN
HOeM

HOrP
lynobraC

mpplom1...0
mpplom1...0
mpplom1...0

roIInoitide203CGP
MUXAMecnavdA

H2O mpplom2...0 AN
O2 mpplom5...0 AN

92 tinuASP lortnockcarC OC mpplom5...0
mpplom001...0

xEF6TAMARTLU

03 metsysretawdellihC lortnocytefastnalP 4C,3CCH xEF6TAMARTLU
13 secanrufotsagleuF lortnocytilauqleuF ytisneD m/gk5...0 3 AN
23 tinu1-enetuB lortnocmaertstcudorP HC 4

C2H4

C2H6

C4H8

%tW5,3...0
%tW0001...0

%tW5...0
%tW05...0

roIInoitide203CGP
MUXAMecnavdA

33 tinu1-enetuB lortnocmaertstcudorP C2H4

C2H6

C4H8

C4H 01 )N(
C6H 21 )M(
C6H 21 )E(

tWmpp005...0
tWmpp001...0

tWmpp0001...0
tWmpp0005...0

tWmpp001...0
tWmpp001...0

roIInoitide203CGP
MUXAMecnavdA

43 etasnednoc/retawdeefrelioB
metsys

lortnocmetsysmaetS COT mpplom01...0 AN

53 kcatSrelioB lortnocnoissimE OC
ON(ON 2)

O2

mpplom0005...0
mpplom0001...0

%lom01...0

32TAMARTLU

63 lortnocnoitsubmocrelioB lortnocnoitsubmoC O2 %lom01...0 eborpainocriZ
73 reliobotsagleuF lortnocytilauqleuF .dniebboW AN
83 etasnednoc/etawdeefrelioB

metsys
lortnocmetsysmaetS O.ssid 2 l/gorcim001...0 NAPIS

Hp Hp21...6 NAPIS
.vitcudnoC mc/Sorcim053...0 NAPIS

93 maets-PH lortnocmetsysmaetS O.ssid 2 l/gorcim001...0 NAPIS

Hp Hp21...2 NAPIS
.vitcudnoC mc/Sorcim01...0 NAPIS

04 .tsysetasnednoc/etawdeefrelioB lortnocytefastnalP COT mpplom5...0 AN
14 metsysretawnaelC ytefaslenosreP eudiserlC mpplom5...0 AN
24 metsysretawnaelC ytefaslenosreP CH mpplom5...0 TAMADIF
34 retlifressaW lortnocmetsysretaW .vitcudnoC mc/Sorcim0001...0 NAPIS
44 tinunoitarapesriA N2 lortnoc O2 secarT AN
54 metsysretawetsaW lortnoclatnemnorivnE Hp 21...2Hp NAPIS
64 metsysretawetsaW lortnoclatnemnorivnE ytidibruT UTN0001...5 AN
74 .tsysetasnednoc/retawdeefrelioB lortnocytefastnalP COT mpp5> AN
84 .tsysetasnednoc/retawdeefrelioB lortnocytefastnalP .vitcudnoC mc/Sorcim053...0 NAPIS
94 metsysretawetsaW lortnoclatnemnorivnE O.ssiD 2 l/gm8...0 NAPIS



User benefits

Fig. 5  Process Gas Chromatographs
           PGC 302 edition II (left) and
           MAXUM (right)

The PGC 302 edition II is a dual-
channel single or double-oven
gas chromatograph desig-ned for
installations in hazardous and
non hazardous areas. Its double-
oven technology, a large selec-
tion of detectors, separating col-
umns, and evaluation methods
as well as its valveless    column
switching makes the PGC 302
an extremely powerful and flex-
ible chromatograph.

Process analyzers in an ethylene
plant are of extreme importance
for correct, efficient and safe
plant operation. The analyzers
themselves must be of very high
quality and reliability and their
integration into the plant requires
a high level of know how and
engineering expertise.
With this in mind Siemens can
provide the user with outstand-

SIPAN stands for the extensive
family of Siemens liquid analyzers,
available in 2 and 4 wire techno-
logy, for hazardous and non hazar-
dous areas, for measurements of
pH, conductivity, ORP, and
dissolved oxygen, as plug-in unit
or in field housing. With interfa-

ces to both HART
and PROFIBUS
SIPAN offers acces
to the two leading
field communica-
tion technologies
in process industry.
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cracker) application several
times successfully and has
thus achieved intensive ex-
perience.

Table 4  PGC 302 edition II  features and benefits

Table 5  SIPAN liquid analyzer  features and benefits Fig. 4 SIPAN Liquid Analyzer
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