
Catalysis
Comprehensive characterization



2
3

O
ve

r 
8

5%
 o

f 
al

l c
h

e
m

ic
al

 p
ro

d
u

ct
s 

re
ly

 o
n 

ca
ta

ly
si

s.
 A

s 
in

d
us

tr
ie

s 
re

sp
o

n
d

 t
o

 s
us

ta
in

ab
ili

ty
, e

ff
ic

ie
n

cy
, 

an
d

 c
ir

cu
la

r-
e

co
n

o
m

y 
in

it
ia

ti
ve

s,
 c

at
al

ys
t 

R
&

D
 is

 r
is

in
g

 t
o

 m
e

et
 t

h
es

e 
ch

al
le

n
g

es
 a

n
d

 o
p

p
o

rt
u

n
it

ie
s.

 F
ro

m
 

su
st

ai
na

b
le

 a
vi

at
io

n 
fu

el
 (

S
A

F)
 a

nd
 C

O
2
 u

ti
liz

at
io

n 
to

 h
yd

ro
g

en
 p

ro
d

uc
ti

o
n,

 b
io

m
as

s 
co

nv
er

si
o

n 
an

d
 a

d
va

nc
ed

 
ch

e
m

ic
al

s,
 s

u
cc

es
s 

d
e

p
e

n
d

s 
o

n 
u

n
d

e
rs

ta
n

d
in

g
 c

at
al

ys
t 

st
ru

ct
u

re
, c

h
e

m
is

tr
y,

 a
n

d
 p

e
rf

o
rm

an
ce

 in
 d

et
ai

l.

D
ig

it
al

 c
at

al
ys

is
 is

 s
e

e
in

g
 s

ig
n

if
ic

an
t 

g
ro

w
th

 w
it

h 
A

I, 
m

ac
h

in
e 

le
ar

n
in

g
 a

n
d

 a
ut

o
m

at
e

d
 a

na
ly

si
s 

co
m

in
g

 
to

g
et

h
e

r 
to

 p
re

d
ic

t 
st

ru
ct

u
re

 /
 r

ea
ct

iv
it

y 
re

la
ti

o
ns

h
ip

s,
 c

ut
 d

ow
n 

o
n 

tr
ia

l a
n

d
 e

rr
o

r 
te

st
in

g
 a

n
d

 p
ro

vi
d

e 
d

at
a 

th
at

 c
an

 b
e 

re
ad

ily
 a

cc
es

si
b

le
 f

o
r 

fu
tu

re
 s

tu
d

ie
s 

– 
FA

IR
 d

at
a.

 C
at

al
ys

t 
d

ev
e

lo
p

m
e

nt
 a

n
d

 m
an

uf
ac

tu
re

 
d

e
m

an
d

 in
si

g
ht

 a
cr

o
ss

 p
hy

si
ca

l s
tr

u
ct

u
re

, c
h

e
m

ic
al

 c
o

m
p

o
si

ti
o

n,
 a

n
d

 f
u

n
ct

io
n

al
 p

e
rf

o
rm

an
ce

. 

S
c

a
n

 t
h

e
 Q

R
 c

o
d

e
 

to
 f

in
d

 o
u

t 
m

o
re

Fr
o

m
 s

im
p

le
 s

in
g

le
 s

ta
ti

o
n 

to
 h

ig
h 

th
ro

u
g

h
p

u
t 

m
ic

ro
p

o
re

 a
na

ly
si

s 
w

e 
h

av
e 

a 
va

ri
et

y 
of

 s
o

lu
ti

o
ns

 t
o

 m
e

et
 y

o
u

r 
n

e
e

d
s.

 D
et

e
rm

in
e 

p
o

re
 s

iz
es

 f
ro

m
 0

.3
5

 –
 5

0
0

 n
m

 a
n

d
 n

o
 u

p
p

e
r 

lim
it

 o
n 

su
rf

ac
e 

ar
ea

.

M
ic

ro
A

ct
iv

e 
p

ro
vi

d
es

 a
 c

o
m

m
o

n 
p

la
tf

o
rm

 a
cr

os
s 

th
e 

M
ic

ro
m

er
it

ic
s 

ra
ng

e 
an

d
 o

ff
er

s 
ca

p
ab

ili
ty

 a
nd

 fl
ex

ib
ili

ty
 fo

r 
b

ot
h 

ne
w

 a
nd

 e
xp

er
ie

nc
e

d
 u

se
rs

. A
 P

yt
ho

n 
in

te
rf

ac
e 

of
fe

rs
 fu

rt
he

r f
le

xi
b

ili
ty

, a
llo

w
in

g
 fo

r b
es

p
o

ke
 re

p
o

rt
s 

to
 b

e 
g

en
er

at
e

d
. A

s 
so

o
n 

as
 a

n 
ex

p
er

im
en

t c
o

m
p

le
te

s,
 d

at
a 

ca
n 

b
e 

au
to

m
at

ic
al

ly
 e

xp
o

rt
e

d
 to

 a
 n

et
w

o
rk

 re
p

o
si

to
ry

 o
r 

LI
M

S
 s

ys
te

m
 m

ak
in

g
 it

 in
st

an
tl

y 
av

ai
la

b
le

 to
 a

 w
id

e
r 

g
ro

u
p

 d
ri

vi
n

g
 b

ot
h 

Q
C

 n
e

e
d

s 
an

d
 R

&
D

 p
ro

g
re

ss
.

C
a

ta
ly

s
is

 a
t 

th
e

 
h

e
a

rt
 o

f 
m

o
d

e
rn

 in
d

u
s

tr
y

S
u

rf
a

c
e

 a
re

a
 &

 
p

o
ro

s
im

e
tr

y

U
n

d
e

rs
ta

n
d

in
g

 c
a

ta
ly

s
t 

s
u

p
p

o
rt

 p
o

re
 s

tr
u

c
tu

re
 a

n
d

 b
e

h
a

v
io

r

E
xc

ep
ti

o
na

l i
so

th
er

m
 r

es
o

lu
ti

o
n 

ac
ro

ss
 t

he
 w

ho
le

 m
ic

ro
 /

 m
es

o
 p

o
re

 s
iz

e 
ra

ng
e

B
E

T
 s

u
rf

ac
e

 a
re

a,
 m

ic
ro

 a
n

d
 m

e
so

 p
o

re
 s

iz
e

 u
si

n
g

 c
la

ss
ic

al
 a

n
d

 
N

LD
F

T
 t

e
ch

n
iq

u
es

. A
d

va
n

ce
d

 f
ea

tu
re

s 
su

ch
 a

s 
au

to
m

at
e

d
 B

E
T

 f
it

 
u

si
n

g
 R

o
u

q
u

e
ro

l c
ri

te
ri

a 
an

d
 p

o
re

 s
iz

e 
d

et
e

rm
in

at
io

n 
b

y 
co

m
b

in
g

 
N

2
 a

n
d

 C
O

2
 is

ot
h

e
rm

s 
al

l d
ri

ve
n 

b
y 

o
u

r 
M

ic
ro

A
ct

iv
e 

so
ft

w
ar

e.
 D

at
a 

o
p

ti
m

iz
at

io
n 

is
 f

as
t 

an
d

 e
as

y 
vi

a 
a 

G
ra

p
h

ic
al

 U
se

r 
In

te
rf

ac
e 

w
it

h
in

 
o

u
r 

p
ow

e
rf

u
l M

ic
ro

A
ct

iv
e 

so
ft

w
ar

e 
p

la
tf

o
rm

.

S
am

p
le

 p
re

p
ar

at
io

n 
is

 c
ri

ti
ca

l a
n

d
 w

e 
n

ev
e

r 
sh

ar
e 

va
cu

u
m

 s
o

u
rc

es
 

w
it

h 
th

e 
an

al
ys

is
 s

id
e 

of
 th

e 
in

st
ru

m
e

nt
. O

p
ti

o
ns

 fr
o

m
 m

an
ua

l f
lo

w
-

in
g

 g
as

 to
 c

o
m

p
ut

e
r 

co
nt

ro
lle

d
 m

u
lt

i s
te

p
 h

ig
h 

va
cu

u
m

 a
re

 t
h

e
re

 to
 

m
e

et
 y

o
u

r 
n

e
e

d
s.

M
al

ve
rn

 P
an

al
yt

ic
al

 s
u

p
p

o
rt

s 
th

is
 n

ew
 e

ra
 o

f 
ca

ta
ly

si
s 

w
it

h 
an

al
yt

ic
al

 s
o

lu
ti

o
ns

 t
h

at
 c

o
n

n
e

ct
 

m
at

e
ri

al
 p

ro
p

e
rt

ie
s 

to
 r

ea
l-

w
o

rl
d

 p
e

rf
o

rm
an

ce
. 

O
u

r 
co

m
b

in
e

d
 p

o
rt

fo
lio

 d
e

liv
e

rs
 c

o
m

p
re

h
e

ns
iv

e 
so

lu
ti

o
ns

 t
o

 s
u

p
p

o
rt

 R
&

D
, q

ua
lit

y 
co

nt
ro

l a
n

d
 

sc
al

e
-u

p
 w

it
h 

co
m

p
le

m
e

nt
ar

y 
te

ch
n

iq
u

es
 t

h
at

 
w

o
rk

 t
o

g
et

h
e

r 
an

d
 o

ff
e

r 
ex

te
n

d
e

d
 in

si
g

ht
.



4
5

T
h

e 
3

F
le

x
 is

 o
u

r 
to

p
 o

f 
th

e 
ra

n
g

e 
g

as
 p

o
ro

si
m

et
e

r 
of

fe
ri

n
g

 
h

ig
h 

re
so

lu
ti

o
n 

m
ic

ro
p

o
re

 a
n

al
ys

is
. T

h
is

 te
ch

no
lo

gy
 a

ls
o

 
of

fe
rs

 m
od

el
s 

fo
r s

ta
tic

 c
he

m
is

or
pt

io
n 

fo
r m

et
al

 s
ur

fa
ce

 
ar

ea
 a

nd
 d

is
p

er
si

on
 u

si
n

g
 t

h
e 

re
p

ea
t 

is
ot

h
e

rm
 te

ch
n

iq
u

e 
as

 w
e

ll 
as

 a
 d

yn
am

ic
 v

e
rs

io
n 

fo
r 

te
m

pe
ra

tu
re

 p
ro

gr
am

m
ed

 
st

ud
ie

s 
an

d 
pu

ls
e 

ch
em

is
or

pt
io

n.
 T

h
is

 v
e

rs
at

ile
 o

ff
e

ri
n

g
 

ca
n 

se
q

u
e

n
ce

 e
xp

e
ri

m
e

nt
s 

al
lo

w
in

g
 t

h
e 

u
se

r 
to

 s
e

e 
h

ow
 c

h
e

m
is

o
rp

ti
o

n 
ex

p
e

ri
m

e
nt

at
io

n 
af

fe
ct

s 
p

hy
si

ca
l 

p
ro

p
e

rt
ie

s 
su

ch
 a

s 
ar

ea
 a

n
d

 p
o

re
 v

o
lu

m
e.

M
an

y 
ca

ta
ly

st
s 

re
ly

 o
n 

hi
er

ar
ch

ic
al

 p
o

re
 s

ys
te

m
s 

fo
r m

as
s 

tr
an

sp
o

rt
. C

at
al

yt
ic

 m
at

er
ia

ls
 c

an
 in

cl
ud

e 
m

ic
ro

, m
es

o 
an

d
 m

ac
ro

 p
o

re
s.

 C
ha

ra
ct

er
is

in
g

 th
e 

co
m

p
le

te
 p

o
re

 s
iz

e 
d

is
tr

ib
ut

io
n 

is
 im

p
o

rt
an

t.
 If

 w
e 

co
ns

id
er

 a
n 

ac
id

 c
at

al
ys

t 
lik

e 
ze

o
lit

e 
Z

S
M

-5
 t

h
e

n 
it

 d
is

p
la

ys
 a

ll 
of

 t
h

es
e 

p
o

re
 s

iz
e 

cl
as

se
s 

an
d

 t
h

e 
la

rg
e

r 
m

es
o

 a
n

d
 m

ac
ro

 p
o

re
s 

ar
e 

th
e 

m
ai

n 
co

n
d

u
it

s 
al

o
n

g
 w

h
ic

h 
re

ac
ta

nt
s 

e
nt

e
r 

an
d

 p
ro

d
u

ct
s 

le
av

e.
 T

h
e 

m
ic

ro
p

o
re

s 
ar

e 
w

h
e

re
 t

h
e 

ac
ti

ve
 s

ite
s 

ar
e 

lo
ca

te
d

. M
ic

ro
m

er
it

ic
s 

of
fe

rs
 th

e 
fa

ci
lit

y 
to

 c
o

m
b

in
e 

g
as

 a
nd

 m
er

cu
ry

 d
at

a 
to

 p
ro

vi
d

e 
a 

‘U
ni

fi
ed

 m
et

ho
d

 fo
r T

ot
al

 
P

o
re

 V
o

lu
m

e
’ a

n
d

 a
tt

ri
b

ut
e 

ar
ea

s 
an

d
 v

o
lu

m
es

 b
as

e
d

 o
n 

IU
PA

C
 p

o
re

 s
iz

e 
cl

as
si

fi
ca

ti
o

ns
. S

e
e 

al
so

 IS
O

 1
5

9
0

1.

T
h

e 
A

u
to

C
h

e
m

 I
II

 2
9

3
0

 a
n

d
 C

h
e

m
iS

o
rb

 A
u

to
 a

re
 o

u
r 

d
yn

am
ic

  c
h

e
m

is
o

rp
ti

o
n 

te
ch

n
o

lo
g

ie
s.

 T
h

e 
A

ut
o

C
h

e
m

 
III

 2
9

3
0

 o
ff

e
rs

 e
xc

e
p

ti
o

na
l f

le
xi

b
ili

ty
 w

it
h 

18
 g

as
 in

le
ts

,  
va

p
o

r 
ca

p
ab

ili
ty

 a
n

d
 is

 a
va

ila
b

le
 w

it
h 

o
u

r 
E

n
h

an
ce

d
 

C
o

rr
o

si
o

n 
R

es
is

ta
n

ce
 (E

C
R

) t
e

ch
n

o
lo

g
y 

m
ak

in
g

 it
 t

h
e 

id
ea

l c
h

o
ic

e 
fo

r 
R

&
D

 g
ro

u
p

s 
w

it
h 

w
id

e 
ra

n
g

in
g

 n
e

e
d

s.
 T

h
e 

C
h

e
m

iS
o

rb
 o

ff
e

rs
 e

xc
e

p
ti

o
n

al
 p

ri
ce

 / 
p

e
rf

o
rm

an
ce

 a
n

d
 

ca
n 

p
e

rf
o

rm
 a

ll 
ro

ut
in

e 
te

m
p

e
ra

tu
re

 p
ro

g
ra

m
m

e
d

 (
T

P
x)

 
an

d
 p

u
ls

e 
ch

e
m

is
o

rp
ti

o
n 

ex
p

e
ri

m
e

nt
s 

re
q

u
ir

e
d

 b
y 

Q
C

 
d

e
p

ar
tm

e
nt

s.

M
et

al
 a

re
a 

an
d

 d
is

p
e

rs
io

n 
to

g
et

h
e

r 
w

it
h 

p
o

re
 s

iz
e 

an
d

 v
o

lu
m

e 
ar

e 
ke

y 
to

 r
ea

ct
io

n 
ra

te
 

th
ro

u
g

h 
re

ac
ta

nt
 d

e
liv

e
ry

 a
n

d
 p

ro
d

u
ct

 r
e

m
ov

al
. 

C
h

e
m

is
o

rp
ti

o
n 

al
lo

w
s 

us
 to

 e
st

ab
lis

h 
ac

ti
va

ti
o

n 
co

n
d

it
io

ns
, u

n
d

e
rs

ta
n

d
 r

ea
ct

iv
it

y 
w

it
h 

re
sp

e
ct

 
to

 s
u

p
p

o
rt

s 
an

d
 p

ro
m

ot
e

rs
 a

s 
w

e
ll 

as
 s

tu
d

y 
d

e
ac

ti
va

ti
o

n 

W
o

rk
in

g
 w

it
h 

fi
lm

s 
/ m

e
m

b
ra

n
es

? 
C

a
p

il
la

ry
 

F
lo

w
 P

o
ro

m
e

tr
y

 (
C

F
P

) 
is

 t
h

e 
w

ay
 to

 q
u

ic
kl

y 
an

d
 

ea
si

ly
 d

et
e

rm
in

e 
th

ro
u

g
h 

p
o

re
 s

iz
e 

d
is

tr
ib

ut
io

ns
. 

T
h

e 
A

c
c

u
P

o
re

 te
ch

n
o

lo
g

y 
d

et
e

rm
in

es
 t

h
ro

ug
h 

p
o

re
 s

iz
es

 f
ro

m
 1

3
 n

m
 to

 5
0

0
 µ

m
 a

n
d

 o
ff

e
rs

 b
o

th
 

sc
an

n
in

g
 a

n
d

 e
q

u
ili

b
ra

te
d

 a
na

ly
si

s 
ro

ut
in

es
. O

th
e

r 
fe

at
u

re
s 

in
cl

u
d

e 
sm

ar
t 

g
as

 m
an

ag
e

m
e

nt
 a

n
d

 
si

m
p

le
 to

uc
hs

cr
e

e
n 

o
p

e
ra

ti
o

n
. H

ig
h 

re
so

lu
ti

o
n 

d
at

a 
co

lle
ct

io
n 

m
ea

ns
 t

h
at

 c
u

rv
e 

fi
tt

in
g

 is
 a

vo
id

e
d

.

A
na

ly
si

s 
of

 t
h

is
 p

o
ly

ca
rb

o
na

te
 m

e
m

b
ra

n
e 

b
y 

b
ot

h 
p

o
ro

m
et

ry
 a

n
d

 m
e

rc
ur

y 
p

o
ro

si
m

et
ry

 r
ev

ea
ls

 v
e

ry
 

si
m

ila
r 

m
o

d
e 

si
ze

s 
b

ut
 t

h
e 

p
o

ro
m

et
ry

 d
at

a 
sh

ow
s 

a 
si

g
n

if
ic

an
tl

y 
n

ar
ro

w
e

r 
d

is
tr

ib
ut

io
n 

w
h

e
n 

ju
st

 t
h

e 
th

ro
u

g
h 

p
o

re
s 

ar
e 

co
ns

id
e

re
d

 r
e

la
ti

ve
 to

 t
h

e 
ov

e
ra

ll 
p

o
ro

si
ty

 q
ua

nt
if

ie
d

 b
y 

m
e

rc
ur

y 
p

o
ro

si
m

et
ry

.  

T
h

e 
U

n
if

ie
d

 M
et

h
o

d
 fo

r 
To

ta
l P

o
re

 
V

o
lu

m
e 

al
lo

w
s 

yo
u 

to
 c

o
m

b
in

e 
g

as
 

an
d

 m
e

rc
ur

y 
p

o
ro

si
m

et
ry

 d
at

a 
an

d
 

d
ef

in
e 

ar
ea

 a
n

d
 v

o
lu

m
e

s 
b

as
e

d
 

o
n 

IU
PA

C
 p

o
re

 s
iz

e 
cr

ite
ri

a.

C
h

e
m

is
o

rp
ti

o
n

M
e

rc
u

ry
 p

o
ro

s
im

e
tr

y
 &

 p
o

ro
m

e
tr

y

Q
u

a
n

ti
fy

in
g

 a
c

ti
v

e
 s

it
e

 c
o

n
c

e
n

tr
a

ti
o

n
 a

n
d

 p
e

rf
o

rm
a

n
c

e
.

M
e

s
o

 /
 m

a
c

ro
 &

 t
h

ro
u

g
h

 p
o

re
 s

iz
e

 a
n

a
ly

s
is

.

,  T
h

e
d

 
x)

 

Fu
lly

 a
ut

o
m

at
ed

 p
ul

se
 c

he
m

is
o

rp
ti

o
n 

to
 d

et
er

m
in

e 
d

is
p

er
si

o
n,

 m
et

al
 s

ur
fa

ce
 a

re
a 

an
d

 c
ry

st
al

lit
e 

si
ze

W F e T p s f s d

Q
u

a
n

ti
fy

in
g

 a
c

ti
v

e
 s

it
e

 c
o

n
c

e
n

tr
a

ti
o

P
o

re
 V

o
lu

m
e

 (
m

l/
g

)

T
o

ta
l

1.
11

8

M
ac

ro
 (

>
5

0
0

 Å
)

0
.9

16

M
es

o
 (

2
0

 t
o

 5
0

0
 Å

)
0

.0
0

0

M
ic

ro
 (

<
2

0
 Å

)
0

.2
0

2

P
o

re
 A

re
a

 (
m

2
/g

)

T
o

ta
l

10
4

9
.2

0
3

M
ac

ro
 (

>
5

0
0

 Å
)

2
4

.7
5

3

M
es

o
 (

2
0

 t
o

 5
0

0
 Å

)
0

.0
14

M
ic

ro
 (

<
2

0
 Å

)
10

2
4

.4
3

5



6
7

S
in

g
le

 a
n

d
 d

u
al

 s
ta

ti
o

n 
re

ac
to

rs
 w

it
h 

fl
ex

ib
le

 o
p

ti
o

ns
 

al
lo

w
 a

 w
id

e 
ra

n
g

e 
of

 in
d

us
tr

ia
lly

 im
p

o
rt

an
t 

ch
e

m
is

tr
ie

s 
to

 b
e 

st
u

d
ie

d
 in

cl
u

d
in

g
 r

ef
o

rm
in

g
. F

is
ch

e
r 

Tr
o

p
sc

h,
 H

ab
e

r 
B

o
sc

h,
 g

as
if

ic
at

io
n,

 p
yr

o
ly

si
s 

an
d

 m
o

re
. W

it
h 

p
at

e
nt

e
d

 
te

ch
n

o
lo

g
ie

s 
in

cl
u

d
in

g
 g

as
 li

q
u

id
 (*

) s
e

p
ar

at
io

n 
an

d
 f

as
t 

ac
ti

n
g

 p
re

ss
u

re
 c

o
nt

ro
l t

h
e 

F
R

 s
e

ri
e

s
 is

 a
 c

h
e

m
ic

al
 p

la
nt

 
o

n 
th

e 
b

e
n

ch
!

* 
G

as
 / 

liq
u

id
 / 

liq
u

id
 a

ls
o

 a
va

ila
b

le
 fo

r 
F

T
 r

e
ac

ti
o

n
s

P
ilo

t 
P

la
nt

 is
 a

 c
ru

ci
al

 s
te

p
 in

 s
ca

lin
g

 u
p

 to
w

ar
d

s 
p

la
nt

 d
es

ig
n 

an
d

 im
p

le
m

e
nt

at
io

n
. O

u
r 

lo
n

g
 

ex
p

e
ri

e
n

ce
 in

 p
ilo

t 
p

la
nt

 d
es

ig
n 

an
d

 m
an

uf
ac

tu
re

 a
llo

w
s 

us
 to

 o
ff

e
r 

p
ilo

t 
p

la
nt

 c
ov

e
ri

n
g

 
tr

ad
it

io
n

al
 c

ru
d

e 
o

il 
fr

ac
ti

o
n

at
io

n 
(M

AT
 te

st
e

r)
, p

re
ss

ur
e 

/ t
e

m
p

e
ra

tu
re

 s
w

in
g

 a
d

so
rp

ti
o

n,
 

g
as

if
ic

at
io

n 
an

d
 p

yr
o

ly
si

s 
as

 w
e

ll 
as

 G
T

L 
te

ch
n

o
lo

g
y 

an
d

 p
h

ot
o

ca
ta

ly
si

s.

W
it

h 
fo

cu
s 

o
n 

sy
nt

h
et

ic
 f

u
e

ls
 a

n
d

 p
ar

ti
cu

la
rl

y 
S

A
F 

fr
o

m
 

va
ri

o
us

 c
ar

b
o

n 
w

as
te

 s
tr

ea
m

s 
su

ch
 a

s 
p

la
st

ic
s,

 w
o

o
d

 
an

d
 b

io
m

as
s,

 p
ilo

t 
p

la
nt

s 
of

fe
r 

sc
al

e 
u

p
 o

f 
in

n
ov

at
iv

e 
te

ch
n

o
lo

g
ie

s 
to

 p
ro

vi
d

e 
th

e 
u

n
d

e
rs

ta
n

d
in

g
 a

n
d

 d
at

a 
th

at
 

e
n

ab
le

s 
co

m
m

e
rc

ia
liz

at
io

n
.

S
o

lid
 / 

g
as

 &
 li

q
u

id
 fe

e
d

s,
 e

xc
e

p
ti

o
na

l p
re

ss
u

re
 a

n
d

 
te

m
p

e
ra

tu
re

 c
o

nt
ro

l w
it

h 
a 

ch
o

ic
e 

of
 s

e
p

ar
at

io
n 

te
ch

n
o

lo
g

ie
s 

w
e 

ar
e 

w
e

ll 
p

la
ce

d
 to

 t
ak

e 
yo

u
r 

p
ro

ce
ss

 
b

ey
o

n
d

 t
h

e 
la

b
 b

e
n

ch
.

T
h

e 
IC

C
S

, I
n

-s
it

u 
C

at
al

ys
t 

C
h

ar
ac

te
ri

za
ti

o
n 

S
ys

te
m

 u
n

iq
ue

ly
 o

ff
e

rs
 t

h
e 

ab
ili

ty
 to

 c
ar

ry
 o

ut
 

d
yn

am
ic

 a
n

d
 p

ul
e 

ch
e

m
is

o
rp

ti
o

n 
ro

ut
in

e
s 

in
-s

it
u.

 
P

e
rf

o
rm

 in
 r

ea
ct

o
r 

an
al

ys
is

 a
t 

th
e 

st
ar

t 
an

d
 e

n
d

 o
f 

th
e 

re
ac

ti
o

n 
cy

cl
e,

 to
 u

n
d

e
rs

ta
n

d
 p

e
rf

o
rm

an
ce

 a
n

d
 

d
ea

ct
iv

at
io

n 
is

su
es

. T
h

e 
IC

C
S

 is
 u

sa
b

le
 w

it
h 

a 
w

id
e 

ra
n

g
e 

o
f f

lo
w

 r
ea

ct
o

rs
.

R
e

a
c

to
r 

te
c

h
n

o
lo

g
y

P
il

o
t 

P
la

n
t

F
ro

m
 b

e
n

c
h

 s
c

a
le

 in
s

ig
h

t 
to

 p
il

o
t 

s
c

a
le

 c
o

n
fi

d
e

n
c

e
.

S
in

al
lo

to
 

B
o

te
c

ac
t

o
n 

* 
G m

 
 th

at

B
io

m
as

s 
- 

S
o

lid
 fe

e
d

 p
yr

o
ly

si
s 

/ g
as

if
ic

at
io

n 
un

it
 -

 
sy

nt
h

et
ic

 li
q

u
id

 p
ro

d
u

ct

A
m

m
o

n
ia

 s
yn

th
es

is
 u

n
it

B
io

m
as

s 
re

ac
to

r 
th

e
n 

F
T

 to
 s

yn
th

et
ic

 f
u

e
ls

P
re

ss
u

re
 s

w
in

g
 a

d
so

rp
ti

o
n 

/ t
e

m
p

e
ra

tu
re

 
sw

in
g

 a
d

so
rp

ti
o

n
. E

.g
. P

S
A

 w
it

h 
ze

o
lit

e 
13

X
 fo

r 
O

2
 / 

N
2
 s

e
p

ar
at

io
n



8
9

X
-r

ay
 f

lu
o

re
sc

e
n

ce
 (

X
R

F
) 

p
la

ys
 a

 c
e

nt
ra

l r
o

le
 in

 c
at

al
ys

t 
d

ev
e

lo
p

m
e

nt
, 

q
u

al
if

ic
at

io
n

, 
an

d
 q

u
al

it
y 

co
nt

ro
l b

y 
d

e
liv

e
ri

n
g

 f
as

t,
 a

cc
u

ra
te

 e
le

m
e

nt
al

 c
o

m
p

o
si

ti
o

n
 d

at
a 

w
it

h
o

u
t 

w
et

 c
h

e
m

is
tr

y 
o

r 
co

m
p

le
x 

sa
m

p
le

 d
ig

e
st

io
n

. 
M

al
ve

rn
 P

an
al

yt
ic

al
 o

ff
e

rs
 a

 c
o

m
p

le
te

 X
R

F 
p

o
rt

fo
lio

 th
at

 s
up

p
o

rt
s 

n
e

e
d

s 
ra

n
g

in
g

 fr
o

m
 h

ig
h

-e
n

d
 R

&
D

 to
 ro

ut
in

e 
an

d
 a

t-
lin

e 
p

ro
ce

ss
 c

o
nt

ro
l, 

al
lo

w
in

g
 u

se
rs

 to
 s

e
le

ct
 t

h
e 

ri
g

ht
 b

al
an

ce
 o

f s
e

ns
it

iv
it

y,
 t

h
ro

u
g

h
p

ut
, f

o
o

tp
ri

nt
, a

n
d

 
co

st
 o

f 
ow

n
e

rs
h

ip
.

Z
e

ti
u

m
 is

 o
u

r 
fl

ag
sh

ip
, f

lo
o

r-
st

an
d

in
g

 X
R

F 
p

la
tf

o
rm

, 
d

es
ig

n
e

d
 fo

r 
th

e 
m

o
st

 d
e

m
an

d
in

g
 c

at
al

ys
is

 a
p

p
lic

at
io

ns
. 

U
ni

q
ue

ly
 it

 c
an

 c
om

b
in

e 
w

av
el

en
gt

h-
d

is
p

er
si

ve
 a

nd
 e

ne
rg

y-
d

is
p

e
rs

iv
e 

X
R

F 
(W

D
X

R
F 

+
 E

D
X

R
F)

 to
 d

e
liv

e
r 

m
ax

im
u

m
 

se
ns

it
iv

it
y 

an
d

 s
e

le
ct

iv
it

y.
 D

et
e

ct
io

n 
lim

it
s 

d
ow

n 
to

 ~
0

.1
 

p
p

m
 e

na
b

le
 re

lia
b

le
 q

ua
nt

if
ic

at
io

n 
of

 p
re

ci
o

us
 m

et
al

s 
su

ch
 

as
 P

t,
 P

d
 a

nd
 R

h,
 d

et
ec

tio
n 

of
 c

at
al

ys
t p

oi
so

ns
 (C

l, 
S

, S
n,

 P
b)

, 
an

d
 a

cc
ur

at
e 

d
et

e
rm

in
at

io
n 

of
 k

ey
 r

at
io

s 
su

ch
 a

s 
S

i/A
l i

n 
ze

o
lit

es
. O

ut
st

an
d

in
g

 lo
n

g
-t

e
rm

 s
ta

b
ili

ty
 s

u
p

p
o

rt
s 

m
o

nt
hs

 
of

 o
p

e
ra

ti
o

n 
w

it
h

o
ut

 r
e

-s
ta

n
d

ar
d

iz
at

io
n,

 a
cr

o
ss

 p
ow

d
e

rs
, 

p
e

lle
ts

, f
us

e
d

 b
ea

d
s,

 m
et

al
s 

an
d

 li
q

u
id

s.

E
p

s
il

o
n

 1
 is

 a
 c

o
m

p
ac

t,
 f

u
lly

 in
te

g
ra

te
d

 b
e

n
ch

to
p

 
ED

X
R

F 
sp

ec
tr

o
m

et
er

 f
o

r 
ro

ut
in

e 
el

em
en

ta
l a

na
ly

si
s.

 
It 

of
fe

rs
 s

im
pl

e 
op

er
at

io
n,

 m
in

im
al

 s
am

pl
e 

pr
ep

ar
at

io
n 

an
d

 lo
w

 r
u

n
n

in
g

 c
o

st
s,

 w
it

h 
p

p
m

-l
ev

e
l s

e
ns

it
iv

it
y 

fo
r 

so
lid

s 
an

d
 li

q
ui

d
s.

 F
ac

to
ry

-p
re

ca
lib

ra
te

d
 in

d
us

tr
y 

so
lu

ti
o

ns
 m

ak
e 

it
 w

e
ll 

su
ite

d
 t

o
 s

cr
e

e
n

in
g

 s
tu

d
ie

s,
 

ro
ut

in
e 

ca
ta

ly
st

 c
h

e
ck

s 
an

d
 r

e
cy

cl
in

g
 a

p
p

lic
at

io
ns

.

E
p

s
il

o
n

 4
 b

u
ild

s 
o

n 
th

e 
b

e
n

ch
to

p
 c

o
n

ce
p

t 
w

it
h 

h
ig

h
e

r 
p

e
rf

o
rm

an
ce

 a
n

d
 t

h
ro

u
g

h
p

ut
 f

o
r 

at
-l

in
e 

an
d

 Q
C

 e
nv

ir
o

n
m

e
nt

s.
 U

si
n

g
 a

d
va

n
ce

d
 E

D
X

R
F 

te
ch

n
o

lo
g

y,
 it

 a
na

ly
ze

s 
e

le
m

e
nt

s 
fr

o
m

 F
 t

o
 A

m
 w

it
h 

p
p

m
-l

ev
e

l s
e

ns
it

iv
it

y 
an

d
 s

h
o

rt
 m

e
as

ur
e

m
e

nt
 t

im
e

s,
 

ap
p

ro
ac

h
in

g
 t

h
e 

p
e

rf
o

rm
an

ce
 o

f 
fl

o
o

r-
st

an
d

in
g

 
sy

st
e

m
s 

w
h

ile
 m

ai
nt

ai
n

in
g

 a
 c

o
m

p
ac

t 
fo

ot
p

ri
nt

 
an

d
 lo

w
 in

fr
as

tr
u

ct
u

re
 r

e
q

u
ir

e
m

e
nt

s.

X
-r

a
y

 f
lu

o
re

s
c

e
n

c
e

 (
X

R
F

)

E
le

m
e

n
ta

l c
o

m
p

o
s

it
io

n
 a

n
d

 m
e

ta
l l

o
a

d
in

g
.

la
n

ce
 o

f s
e

ns
it

iv
it

y,
 t

h
ro

u
g

h
p

ut
, f

o
o

tp
ri

nt
, a

h es
,

X
-r

ay
 d

if
fr

ac
ti

o
n 

(X
R

D
) 

is
 e

ss
e

nt
ia

l f
o

r 
u

n
d

e
rs

ta
n

d
in

g
 h

ow
 t

h
e 

cr
ys

ta
lli

n
e 

st
ru

ct
u

re
 o

f 
ca

ta
ly

st
s 

g
ov

e
rn

s 
th

e
ir

 
p

e
rf

o
rm

an
ce

 a
n

d
 r

e
ac

ti
o

n 
p

at
hw

ay
s.

 M
al

ve
rn

 P
an

al
yt

ic
al

’s
 A

e
ri

s 
an

d
 E

m
p

yr
e

an
 s

ys
te

m
s 

p
ro

vi
d

e 
p

o
w

e
rf

u
l, 

ac
ce

ss
ib

le
 s

o
lu

ti
o

ns
 fo

r 
ro

ut
in

e 
ca

ta
ly

st
 q

ua
lit

y 
co

nt
ro

l, 
b

ut
 e

sp
e

ci
al

ly
 fo

r 
ad

va
n

ce
d

 R
&

D
.

E
m

p
y

re
a

n
 is

 t
h

e 
o

n
ly

 X
R

D
 s

ys
te

m
 c

ap
ab

le
 o

f 
m

ea
su

ri
n

g
 a

ll 
sa

m
p

le
 t

yp
es

 o
n 

a 
si

n
g

le
 in

st
ru

m
e

nt
, a

n
d

 o
ff

e
rs

 t
h

e 
b

ro
ad

es
t 

ex
p

e
ri

m
e

nt
al

 f
le

xi
b

ili
ty

 fo
r 

ca
ta

ly
st

 r
es

ea
rc

h

S
up

p
o

rt
s 

ad
va

n
ce

d
 in

-o
p

e
ra

n
d

o
 a

n
d

 in
-s

it
u 

st
u

d
ie

s 
to

 
re

p
lic

at
e 

re
al

 r
ea

ct
io

n 
co

n
d

it
io

ns
, s

m
al

l-
an

g
le

 X
-r

ay
 s

ca
tt

e
ri

n
g

 
(S

A
X

S
) f

o
r 

p
ro

b
in

g
 s

ca
ff

o
ld

 a
n

d
 p

o
re

 d
im

e
ns

io
ns

, a
n

d
 to

ta
l 

sc
at

te
ri

n
g

/P
D

F 
an

al
ys

is
 fo

r 
ch

ar
ac

te
ri

zi
n

g
 a

m
o

rp
h

o
us

 
co

m
p

o
n

e
nt

s.

A
e

ri
s
 d

e
liv

e
rs

 in
d

us
tr

y-
re

ad
y 

p
h

as
e 

an
al

ys
is

 w
it

h 
m

in
im

al
 

us
e

r 
ex

p
e

rt
is

e.

R
ap

id
, a

ut
o

m
at

e
d

 w
o

rk
fl

o
w

s 
e

na
b

le
 h

ig
h

-t
h

ro
u

g
h

p
ut

 
q

ua
nt

if
ic

at
io

n 
of

 k
ey

 p
h

as
es

 s
u

ch
 a

s 
γ
-a

lu
m

in
a 

an
d

 
ze

o
lit

e
s,

 a
ss

e
ss

m
e

nt
 o

f 
cr

ys
ta

lli
n

it
y,

 a
n

d
 m

o
n

ito
ri

n
g

 o
f 

cr
ys

ta
lli

za
ti

o
n 

e
n

d
p

o
in

ts
.

W
it

h 
sc

an
 t

im
es

 o
f 

ju
st

 m
in

ut
es

, A
e

ri
s 

al
lo

w
s 

ra
p

id
 

o
p

ti
m

iz
at

io
n 

of
 p

ro
ce

ss
in

g
 p

ar
am

et
e

rs
 a

n
d

 r
ea

l-
ti

m
e 

m
o

n
ito

ri
n

g
 o

f 
m

at
e

ri
al

 q
ua

lit
y.

To
g

et
h

e
r, 

E
m

p
yr

ea
n 

an
d

 A
e

ri
s 

e
n

ab
le

 c
o

m
p

re
h

e
ns

iv
e 

st
ru

ct
u

ra
l i

ns
ig

ht
s 

th
ro

u
g

h
o

ut
 t

h
e 

ca
ta

ly
st

 li
fe

cy
cl

e.

X
-r

a
y

 d
if

fr
a

c
ti

o
n

 (
X

R
D

)

P
h

a
s

e
 id

e
n

ti
fi

c
a

ti
o

n
 a

n
d

 s
tr

u
c

tu
ra

l e
v

o
lu

ti
o

n
.

al
ly

 fo
r 

ad
va

n
ce

d
 R

&
D

.

In
-s

it
u 

m
o

ni
to

rin
g

 o
f 

th
e 

th
er

m
al

 r
es

p
o

ns
e 

o
f 

ca
ta

ly
st

 m
at

er
ia

l F
e 2

O
3

an
d

 P
d

O
/F

e 2
O

3
 b

et
w

ee
n 

2
5

0
°C

 a
nd

 8
0

0
°C

 u
si

ng
 a

n 
E

m
p

yr
ea

n.
 

(a
) 

p
lo

t 
fo

r 
th

e 
tw

o
 F

e 2
O

3
 p

ha
se

s 
sh

o
w

in
g

 
a 

p
ha

se
 t

ra
ns

it
io

n 
at

 c
a.

 4
5

0
°C

.

(b
) 

p
lo

t 
fo

r 
P

d
O

/F
e 2

O
3
 s

ho
w

s 
a 

sh
ar

p
en

in
g

 o
f 

th
e 

p
rim

ar
y 

p
ea

k 
co

rr
es

p
o

nd
in

g
 t

o
 P

d
O

 a
t 

ca
. 5

5
0

°C
, i

nd
ic

at
in

g
 a

n 
in

cr
ea

se
 in

 
th

e 
av

er
ag

e 
cr

ys
ta

lli
te

 s
iz

e 
o

f 
P

d
O

 a
nd

 a
n 

ac
co

m
p

an
yi

ng
 lo

ss
 

o
f 

th
e 

sm
al

l s
ur

fa
ce

 d
o

m
ai

ns
 o

n 
th

e 
su

p
p

o
rt

 m
at

er
ia

l.



10
11

P
re

ci
se

 c
o

nt
ro

l o
f p

ar
ti

cl
e 

si
ze

 a
n

d
 m

o
rp

h
o

lo
g

y 
is

 fu
n

d
am

e
nt

al
 to

 c
at

al
ys

t p
e

rf
o

rm
an

ce
, i

nf
lu

e
nc

in
g

 e
ve

ry
th

in
g

 
fr

o
m

 p
re

cu
rs

o
r 

p
re

ci
p

it
at

io
n,

 f
lo

w
 b

e
h

av
io

r 
d

u
ri

n
g

 s
h

ap
in

g
 a

n
d

 im
p

re
g

na
ti

o
n 

ef
fi

ci
e

n
cy

, t
o

 f
in

al
 s

h
ap

in
g

 a
n

d
 

w
as

h
co

at
 b

e
h

av
io

r. 
 T

o
g

et
h

e
r, 

th
es

e 
te

ch
n

iq
u

es
 s

up
p

o
rt

 p
ro

ce
ss

 o
p

ti
m

iz
at

io
n,

 tr
o

ub
le

sh
o

ot
in

g
 a

n
d

 lo
n

g
-t

e
rm

 
p

ro
d

u
ct

 c
o

ns
is

te
n

cy
.

M
al

ve
rn

 P
an

al
yt

ic
al

’s
 c

om
p

re
he

ns
iv

e 
p

ar
tic

le
 to

o
lk

it 
d

el
iv

er
s 

hi
g

h-
re

so
lu

tio
n,

 s
ta

tis
tic

al
ly

 ro
b

us
t c

ha
ra

ct
er

iz
at

io
n 

ac
ro

ss
 e

ve
ry

 s
ta

g
e 

of
 c

at
al

ys
t 

m
an

uf
ac

tu
re

.

M
a

s
te

rs
iz

e
r 

3
0

0
0

+
 d

e
liv

e
rs

 a
cc

u
ra

te
 la

se
r 

d
if

fr
ac

ti
o

n 
p

ar
ti

cl
e 

si
ze

 d
is

tr
ib

ut
io

n 
d

at
a 

fo
r 

p
ow

d
e

rs
, s

us
p

e
ns

io
ns

, 
an

d
 e

m
ul

si
o

ns
.

O
p

ti
m

iz
e 

m
ill

in
g

, w
as

h
co

at
 r

h
e

o
lo

g
y,

 s
p

e
ci

fi
c 

su
rf

ac
e 

ar
ea

 e
st

im
at

io
n,

 p
re

d
ic

ti
n

g
 c

at
al

ys
t 

at
tr

it
io

n 
an

d
 r

ea
l-

ti
m

e 
p

ro
ce

ss
 m

o
n

ito
ri

n
g

.

M
ea

su
re

m
e

nt
 r

an
g

e:
 0

.0
1–

3
5

0
0

 µ
m

In
s

it
e

c
 d

e
liv

e
rs

 o
n

-l
in

e,
 r

ea
l-

ti
m

e 
la

se
r 

d
if

fr
ac

ti
o

n 
an

al
ys

is
 fo

r 
p

ow
d

e
rs

, e
m

ul
si

o
ns

, s
p

ra
ys

, a
n

d
 s

lu
rr

ie
s.

M
ak

e 
w

o
rk

fl
ow

s 
m

o
re

 e
ff

ic
ie

nt
 in

 f
as

t-
m

ov
in

g
 

p
ro

d
u

ct
io

n 
e

nv
ir

o
n

m
e

nt
s.

M
ea

su
re

m
en

t r
an

g
e:

 0
.1

–2
5

0
0

 µ
m

 (l
en

s-
d

ep
en

d
en

t)

Z
e

ta
s

iz
e

r 
A

d
v

a
n

c
e

 o
ff

e
rs

 s
e

ns
it

iv
e,

 e
as

y-
to

-u
se

 d
yn

am
ic

 
lig

ht
 s

ca
tt

e
ri

n
g

 a
n

d
 z

et
a 

p
ot

e
nt

ia
l m

ea
su

re
m

e
nt

s 
fo

r 
su

b
-m

ic
ro

n 
an

d
 n

an
o

p
ar

ti
cl

e 
sy

st
e

m
s.

P
re

d
ic

t 
ag

g
lo

m
e

ra
ti

o
n,

 c
o

nt
ro

l s
ta

b
ili

ty
, o

p
ti

m
iz

e 
ad

h
e

si
o

n,
 a

n
d

 m
ax

im
iz

e 
w

as
h

co
at

 s
h

e
lf-

lif
e.

A
ut

o
m

at
e

d
 im

ag
e 

an
al

ys
is

 in
st

ru
m

e
nt

s.

M
o

rp
h

o
lo

g
i 4

 d
e

liv
e

rs
 a

ut
o

m
at

e
d

 im
ag

e 
an

al
ys

is
 o

f 
p

ar
ti

cl
e 

m
o

rp
h

o
lo

g
y.

 d
e

liv
e

r 
d

et
ai

le
d

 s
h

ap
e 

an
d

 s
tr

u
ct

ur
al

 
in

si
g

ht
s 

fr
o

m
 te

ns
 to

 h
u

n
d

re
d

s 
of

 t
h

o
us

an
d

s 
of

 p
ar

ti
cl

es
, 

e
n

ab
lin

g
 e

ff
e

ct
iv

e 
tr

o
ub

le
sh

o
ot

in
g

 a
n

d
 o

p
ti

m
iz

at
io

n 
of

 
d

is
p

e
rs

io
n,

 s
p

h
e

ri
ci

ty
, a

n
d

 m
ic

ro
st

ru
ct

u
re

. I
n 

ad
d

it
io

n,
 

M
o

rp
h

o
lo

g
i 4

-I
D

 id
e

nt
if

ie
s 

p
ar

ti
cl

e 
ch

e
m

is
tr

y 
b

y 
R

am
an

 
sp

e
ct

ro
sc

o
p

y.
 

P
a

rt
ic

le
 s

iz
e

 &
 m

o
rp

h
o

lo
g

y

P
a

rt
ic

le
 s

iz
e

, 
s

h
a

p
e

, 
fl

o
w

a
b

il
it

y
 a

n
d

 s
ta

b
il

it
y

 a
n

a
ly

s
is

.

M
a

s
te

rs

p
ar

ti
cl

e 
s

an
d

e
m

u

O
p

ti
m

iz
e

ar
ea

 e
st

i
p

ro
ce

ss
 

M
ea

su
re

E
p

s
il

o
n

 X
fl

o
w

 d
e

liv
e

rs
 o

n
-l

in
e 

m
ul

ti
-e

le
m

e
nt

 a
n

al
ys

is
 fo

r 
liq

u
id

s:

•
 
e

n
ab

le
s 

co
nt

in
u

o
u

s,
 r

ea
l-

ti
m

e 
e

le
m

e
nt

al
 m

o
n

ito
ri

n
g

 
o

f 
liq

u
id

s 
an

d
 s

lu
rr

ie
s 

in
 a

 f
lo

w
in

g
 p

ro
ce

ss
 s

tr
ea

m

•
 
id

ea
l f

o
r 

m
o

n
ito

ri
n

g
 s

lu
rr

y 
st

o
ic

h
io

m
et

ry
, r

ea
ct

o
r

co
nt

e
nt

s 
an

d
 c

at
al

ys
t 

in
h

ib
ito

r 
le

ve
ls

 u
n

d
e

r 
h

ar
sh

 in
d

us
tr

ia
l c

o
n

d
it

io
ns

R
e

v
o

n
ti

u
m

 is
 a

 n
ew

, c
o

m
p

ac
t 

an
d

 a
ut

o
m

at
ab

le
 E

D
X

R
F 

sp
e

ct
ro

m
et

e
r 

th
at

 b
ri

d
g

es
 b

e
n

ch
to

p
 a

n
d

 f
lo

o
r-

st
an

d
in

g
 

p
er

fo
rm

an
ce

. I
t 

fe
at

ur
es

 a
n 

in
te

g
ra

te
d

 3
2-

p
os

iti
o

n 
sa

m
p

le
 

ch
an

g
e

r 
an

d
 s

p
in

n
e

r 
fo

r 
u

na
tt

e
n

d
e

d
 b

at
ch

 a
na

ly
si

s,
 v

e
ry

 
lo

w
 e

n
e

rg
y 

co
ns

u
m

p
ti

o
n,

 a
n

d
 a

 p
at

e
nt

e
d

 Z
E

TA
 X

-r
ay

 
tu

b
e 

th
at

 m
in

im
iz

es
 in

te
ns

it
y 

d
ri

ft
, r

e
d

u
ci

n
g

 c
al

ib
ra

ti
o

n 
ef

fo
rt

 a
n

d
 m

ax
im

iz
in

g
 u

p
ti

m
e.

 R
ev

o
nt

iu
m

 is
 id

ea
l w

h
e

re
 

h
ig

h 
th

ro
ug

h
p

ut
 a

n
d

 c
o

ns
is

te
n

cy
 a

re
 r

e
q

ui
re

d
 w

it
h

o
ut

 
th

e 
co

st
 o

r 
fo

o
tp

ri
nt

 o
f 

tr
ad

it
io

na
l f

lo
o

r-
st

an
d

in
g

 X
R

F.

C
la

is
s

e
 f

us
io

n 
sa

m
p

le
 p

re
p

ar
at

io
n 

to
o

ls
 a

n
d

 c
e

rt
if

ie
d

 
re

fe
re

n
ce

 m
at

e
ri

al
s 

e
ns

u
re

 o
p

ti
m

iz
e

d
, r

e
p

ea
ta

b
le

 
X

R
F 

w
o

rk
fl

ow
s 

ac
ro

ss
 t

h
e 

ca
ta

ly
st

 li
fe

cy
cl

e.

si
s 

fo
r 

n
g

 
m hth

e 
co

st
 o

r 
fo

ot
p

ri
nt

 o
f 

tr
ad

it
io

n
al

 f
lo

o
r-

st
an

d
in

g
 X

R
F.

fi
e

d

O
nl

in
e 

X
R

F 
an

al
ys

is
 u

si
ng

 E
p

si
lo

n 
X

flo
w

.  
H

er
e 

th
e 

ab
un

d
an

ce
 o

f 
fo

ur
 c

at
al

ys
t 

in
hi

b
it

o
rs

 (
Fe

, N
i, 

V
 a

nd
 C

l) 

in
 a

 f
lu

id
 c

at
al

yt
ic

 c
ra

ck
in

g
 (

FC
C

) 
p

ro
ce

ss
 a

re
 t

ra
ck

ed
 

o
ve

r 
3

0
 h

o
ur

s.

X
-r

a
y

 f
lu

o
re

s
c

e
n

c
e

 (
X

R
F

) 
(c

o
n

ti
n

u
e

d
)



12
13

A
p

p
li

c
a

ti
o

n
 n

e
e

d
P

ri
m

a
ry

 
te

c
h

n
iq

u
e

W
h

a
t 

it
 m

e
a

s
u

re
s

/
w

h
y

 i
t 

m
a

tt
e

rs
R

e
c

o
m

m
e

n
d

e
d

 
in

s
tr

u
m

e
n

t 
ty

p
e

A
s

s
o

c
ia

te
d

 
n

o
rm

V
er

if
y 

m
et

al
 lo

ad
in

g 
(P

t,
 

P
d,

 N
i, 

C
o,

 e
tc

.)
X

R
F

El
em

en
ta

l c
om

po
si

ti
on

; 
lo

ad
in

g 
ac

cu
ra

cy
Ze

tiu
m

 o
r 

Ep
si

lo
n 

ra
ng

e

D
et

ec
t c

at
al

ys
t p

oi
so

ns
 

(S
, P

, C
l, 

N
a,

 V
)

X
R

F
Tr

ac
e 

im
pu

ri
ti

es
 a

nd
 

co
nt

am
in

an
ts

Ze
tiu

m

C
he

ck
 b

at
ch

-t
o

-b
at

ch
 

fo
rm

ul
at

io
n 

co
ns

is
te

nc
y

X
R

F
El

em
en

ta
l u

ni
fo

rm
it

y 
ac

ro
ss

 b
at

ch
es

Ze
tiu

m
 o

r 
Ep

si
lo

n 
ra

ng
e

A
S

T
M

 D
70

8
5

C
on

fi
rm

 c
ry

st
al

lin
e 

ph
as

es
X

R
D

P
ha

se
 ID

 v
s.

 r
ef

er
en

ce
s

Em
py

re
an

 o
r 

A
er

is
A

S
T

M
 D

4
92

6 
/ 

A
S

T
M

 3
9

0
6 

/ 
A

S
T

M
 3

9
42

M
on

ito
r 

ph
as

e 
ch

an
ge

s 
d

ur
in

g 
he

at
in

g
/r

ea
ct

io
n

In
 s

itu
 /

 o
pe

ra
nd

o 
X

R
D

S
tr

uc
tu

ra
l e

vo
lu

ti
on

 in
 r

ea
l 

ti
m

e
Em

py
re

an

Q
ua

nt
if

y 
cr

ys
ta

lli
te

 s
iz

e 
&

 s
tr

ai
n

X
R

D
 (

R
ie

tv
el

d)
M

ic
ro

st
ru

ct
ur

e,
 s

in
te

ri
ng

Em
py

re
an

D
et

er
m

in
e 

ox
id

at
io

n 
st

at
e

X
A

S
 (

X
A

N
ES

)
V

al
en

ce
 s

ta
te

 o
f 

ac
tiv

e 
m

et
al

s
Em

py
re

an

Id
en

tif
y 

lo
ca

l a
to

m
ic

 
co

or
d

in
at

io
n

X
A

S
 (

E
X

A
FS

)
B

on
d 

d
is

ta
nc

es
, 

ne
ig

hb
ou

rs
, d

is
or

d
er

Em
py

re
an

M
ea

su
re

 s
ur

fa
ce

 a
re

a
P

hy
si

so
rp

ti
on

 (
B

ET
)

To
ta

l a
cc

es
si

b
le

 s
ur

fa
ce

3
Fl

ex
 /

 T
ri

S
ta

r 
II 

/ 
G

em
in

i V
II 

/ 
A

S
A

P

A
S

T
M

 D
3

6
6

3
 /

 
A

S
T

M
 D

42
22

 /
 

IS
O

 9
27

7

D
et

er
m

in
e 

po
re

 s
iz

e 
/ 

vo
lu

m
e 

d
is

tr
ib

ut
io

n
M

er
cu

ry
 P

or
os

im
et

ry
 &

 
G

as
 A

ds
or

pt
io

n
M

ic
ro

-,
 m

es
o

-,
 m

ac
ro

-p
or

e 
st

ru
ct

ur
e

A
ut

oP
or

e 
V

 (
pa

rt
 1

) 
&

 
ph

ys
is

or
pt

io
n 

(p
ar

t 
2)

IS
O

 1
59

0
1 

- 
1 

 
IS

O
 1

59
0

1 
- 

2

S
in

gl
e 

po
in

t 
B

ET
P

hy
si

so
rp

ti
on

 (
B

ET
)

Es
ti

m
at

io
n 

of
 B

ET
 

su
rf

ac
e 

ar
ea

A
ut

oC
he

m
 II

I 2
93

0 
/ 

C
he

m
iS

or
b 

A
ut

o 
/ 

3
Fl

ex
. I

C
C

S
 f

or
 in

-s
itu

 
an

al
ys

is

D
4

56
7

P
or

e 
vo

lu
m

e 
d

is
tr

ib
ut

io
n

M
er

cu
ry

 In
tr

us
io

n 
P

or
os

im
et

ry
P

or
e 

vo
lu

m
e 

d
is

tr
ib

ut
io

n
A

ut
oP

or
e 

V
A

S
T

M
 D

42
8

4

Ev
al

ua
ti

on
 o

f 
po

re
 s

iz
e 

d
is

tr
ib

ut
io

n 
an

d 
po

ro
si

ty
 

of
 s

ol
id

 m
at

er
ia

ls
 b

y 
m

er
cu

ry
 p

or
os

im
et

ry
 a

nd
 

ga
s 

ad
so

rp
ti

on

M
er

cu
ry

 In
tr

us
io

n 
P

or
os

im
et

ry

Ev
al

ua
ti

on
 o

f 
po

re
 s

iz
e 

d
is

tr
ib

ut
io

n 
an

d 
po

ro
si

ty
 o

f 
so

lid
 m

at
er

ia
ls

 b
y 

m
er

cu
ry

 
po

ro
si

m
et

ry
 a

nd
 g

as
 

ad
so

rp
ti

on

A
ut

oP
or

e 
V

IS
O

 1
59

0
1 

- 
1

M
ea

su
re

 t
hr

ou
gh

 p
or

e 
si

ze
P

or
om

et
ry

T
hr

ou
gh

 p
or

e 
si

ze
 

d
is

tr
ib

ut
io

n
A

cc
uP

or
e

Q
ua

nt
if

y 
ac

tiv
e 

m
et

al
 

d
is

pe
rs

io
n

S
ta

ti
c 

C
he

m
is

or
pt

io
n

N
um

b
er

 o
f 

ac
tiv

e 
su

rf
ac

e 
si

te
s

3
Fl

ex
 /

 A
S

A
P

 2
4

8
0 

(w
he

re
 a

va
ila

b
le

)
A

S
T

M
 D

3
9

0
8

D
et

er
m

in
e 

m
et

al
 s

ur
fa

ce
 

ar
ea

S
ta

ti
c 

C
he

m
is

or
pt

io
n

D
is

pe
rs

io
n 

an
d 

m
et

al
 

cr
ys

ta
lli

te
 s

iz
e

3
Fl

ex
 /

 A
S

A
P

 2
4

8
0 

(w
he

re
 a

va
ila

b
le

)
A

S
T

M
 D

3
9

0
8

D
et

er
m

in
e 

ca
ta

ly
st

 
ac

id
it

y
S

ta
ti

c 
C

he
m

is
or

pt
io

n
D

et
er

m
in

e 
ca

ta
ly

st
 a

ci
d

it
y

3
Fl

ex
 /

 A
S

A
P

 2
4

8
0 

(w
he

re
 a

va
ila

b
le

)
A

S
T

M
 D

4
82

4

S
tu

dy
 r

ed
uc

ti
on

 /
 

ox
id

at
io

n 
b

eh
av

io
r

T
P

R
/T

P
O

/T
P

D
Te

m
pe

ra
tu

re
- 

d
ep

en
d

en
t 

ch
em

is
tr

y

A
ut

oC
he

m
 II

I 2
93

0 
/ 

C
he

m
iS

or
b 

A
ut

o 
/ 

3
Fl

ex
. I

C
C

S
 f

or
 in

-s
itu

 
an

al
ys

is

S
e

le
c

ti
o

n
 g

u
id

e

T
e

c
h

n
iq

u
e

 a
n

d
 in

s
tr

u
m

e
n

t 
m

a
p

p
in

g
.

D
e

ns
it

y 
an

d
 f

lo
w

 b
e

h
av

io
u

r 
st

ro
n

g
ly

 in
fl

u
e

n
ce

 c
at

al
ys

t 
p

ro
ce

ss
in

g
, s

h
ap

in
g

, a
n

d
 h

an
d

lin
g

. G
as

 p
yc

n
o

m
et

ry
 

d
et

e
rm

in
es

 t
ru

e 
(s

ke
le

ta
l) 

d
e

ns
it

y 
an

d
 is

 s
e

ns
it

iv
e 

to
 c

h
an

g
e 

in
 c

o
m

p
o

si
ti

o
n

. E
nv

e
lo

p
e 

an
d

 b
u

lk
 d

e
ns

it
y 

ca
n 

re
ve

al
 p

o
ro

si
ty

 a
n

d
 e

lu
ci

d
at

e 
p

ac
ki

n
g

 b
e

h
av

io
u

r.

T
h

e 
G

e
o

P
y

c
 1

3
6

5
 c

an
 d

et
e

rm
in

e 
b

ot
h 

e
nv

e
lo

p
e 

an
d

 b
u

lk
 

d
e

ns
it

y.
 U

se
d

 in
 c

o
n

ju
n

ct
io

n 
w

it
h 

th
e 

A
cc

u
P

yc
 it

 o
ff

e
rs

 
a 

fa
st

 a
n

d
 e

as
y 

w
ay

 to
  s

am
p

le
 p

o
ro

si
ty

 u
si

n
g

 e
nv

e
lo

p
e 

d
es

n
it

y 
an

d
 to

 to
ta

l p
o

re
 v

o
lu

m
e 

w
it

h 
b

u
lk

 d
e

ns
it

y.

P
ro

ce
ss

 r
e

le
va

nt
 te

st
in

g
 is

 t
h

e 
ke

y 
p

h
ra

se
 fo

r 
p

ow
d

e
r 

rh
e

o
m

et
ry

. A
 p

ro
d

u
ct

io
n 

p
ro

ce
ss

 m
ay

 e
xp

e
ri

e
n

ce
 

is
su

e
s 

w
it

h 
m

ix
in

g
, s

ilo
 d

is
ch

ar
g

e,
 t

ra
ns

p
o

rt
, h

u
m

id
it

y 
o

r 
te

m
p

e
ra

tu
re

. T
h

e 
F

re
e

m
a

n
 F

T
4

 o
ff

e
rs

 a
 v

ar
ie

ty
 o

f t
es

t 
p

ro
ce

d
u

re
s 

to
 id

e
nt

if
y 

d
if

fe
re

n
ce

s 
b

et
w

e
e

n 
m

at
e

ri
al

s 
an

d
 

th
e

ir
 b

e
h

av
io

u
r 

at
 a

 p
ar

ti
cu

la
r 

st
ag

e 
of

 a
 p

ro
ce

ss
. T

h
e 

te
st

 
is

 s
e

ns
it

iv
e 

to
 a

ll 
p

ro
p

e
rt

ie
s 

of
 t

h
e 

p
ow

d
e

r, 
si

ze
, s

h
ap

e,
 

d
e

ns
it

y 
an

d
 o

th
e

r 
p

ro
p

e
rt

ie
s 

su
ch

 a
s 

re
si

d
ua

l m
o

is
tu

re
.

D
e

n
s

it
y

 &
 p

o
w

d
e

r 
rh

e
o

lo
g

y

Tr
u

e 
d

e
ns

it
y 

m
ea

su
re

m
e

nt
 is

 p
ro

vi
d

e
d

 b
y 

th
e 

A
c

c
u

P
y

c
 

13
5

0
. T

h
is

 u
n

it
 o

ff
e

rs
 a

 c
ap

ti
ve

 li
d

, t
e

m
p

e
ra

tu
re

 c
o

nt
ro

l 
an

d
 a

 h
ig

h 
q

ua
lit

y 
to

uc
hs

cr
e

e
n

. U
p

 to
 te

n 
un

it
s 

ca
n 

b
e 

co
n

n
e

ct
e

d
  a

cr
o

ss
 a

 p
la

nt
 e

n
ab

lin
g

 e
as

y 
d

at
a 

vi
ew

in
g

 
an

d
 t

h
e 

ce
rt

ai
nt

y 
of

 r
e

p
ro

d
u

ci
n

g
 e

xp
e

ri
m

e
nt

al
 m

et
h

o
d

s 
b

et
w

e
e

n 
u

n
it

s.
 

d
 t 



14
15

S
e

le
c

ti
o

n
 g

u
id

e
 (

c
o

n
ti

n
u

e
d

)
S

u
m

m
a

ry
 s

e
le

c
ti

o
n

 g
u

id
e

In
v

e
s

ti
g

a
te

In
te

re
s

t
S

o
lu

ti
o

n
In

s
tr

u
m

e
n

ts

P
hy

si
ca

l p
ro

pe
rt

ie
s

S
ur

fa
ce

 a
re

a
G

as
 p

or
os

im
et

ry
3

Fl
ex

, A
S

A
P

 2
42

5,
 A

S
A

P
 

24
6

0,
 T

ri
S

ta
r 

&
 G

em
in

i

P
o

ro
si

m
et

ry
G

as
 p

or
os

im
et

ry
 (

0.
3

5 
nm

 -
 4

0
0 

nm
) 

an
d 

m
er

cu
ry

 p
or

os
im

et
ry

 (3
.6

 n
m

 -
 1

,1
0

0 
µ

m
)

A
b

ov
e 

pl
us

 A
ut

oP
or

e

P
or

om
et

ry
C

ap
ill

ar
y 

fl
ow

 p
or

om
et

ry
 (

13
 n

m
 -

 5
0

0 
µ

m
)

A
cc

uP
or

e

P
ar

ti
cl

e 
si

ze
La

se
r 

d
if

fr
ac

ti
on

 (
0.

0
1 

- 
3

,5
0

0 
µ

m
) 

an
d 

dy
na

m
ic

 li
gh

t 
sc

at
te

ri
ng

 (
0.

3
 n

m
 -

 1
5 

µ
m

)
M

as
te

rs
iz

er
 a

nd
 Z

et
as

iz
er

P
ar

tic
le

 s
ha

pe
Im

ag
e 

an
al

ys
is

M
or

ph
ol

og
i 0

.5
 -

 1
,3

0
0 

µ
m

  
ES

D

D
en

si
ty

G
as

 p
yc

no
m

et
ry

 a
nd

 v
ol

um
e 

d
is

pl
ac

em
en

t
A

cc
uP

yc
 a

nd
 G

eo
P

yc

C
he

m
ic

al
 p

ro
pe

rt
ie

s

R
ea

ct
iv

it
y 

an
d 

va
le

nc
e

C
he

m
is

or
pt

io
n

3
Fl

ex
, A

ut
oC

he
m

 II
I 2

93
0,

 
C

he
m

iS
or

b 
A

ut
o 

&
 IC

C
S

 
(in

-s
itu

)

El
em

en
ta

l c
om

po
si

ti
on

X-
ra

y 
fl

uo
re

sc
en

ce
 (

X
R

F)
Ze

tiu
m

, E
ps

ilo
n 

&
 R

ev
on

tiu
m

C
he

m
ic

al
 c

om
po

si
ti

on
M

ap
pi

ng
 s

ur
fa

ce
 c

he
m

is
tr

y
M

or
ph

ol
og

i I
D

C
ol

lo
id

al
 s

ta
b

ili
ty

Ze
ta

 p
ot

en
tia

l
Ze

ta
S

iz
er

S
tr

uc
tu

re

M
ol

ec
ul

ar
 s

tr
uc

tu
re

X-
ra

y 
d

if
fr

ac
ti

on
 (

X
R

D
)

Em
py

re
an

 &
 A

er
is

O
xi

d
at

io
n 

st
at

e
X-

ra
y 

ab
so

rp
ti

on
 s

pe
ct

ro
sc

op
y 

X
A

S
 

(X
A

N
ES

)
Em

py
re

an

P
ro

ce
ss

P
ow

d
er

 p
ro

ce
ss

in
g

P
ow

d
er

 r
he

ol
og

y
FT

4

R
ea

ct
or

H
ig

hl
y 

co
nf

ig
ur

ab
le

 b
en

ch
 t

op
 r

ea
ct

or
s

FR
10

0 
&

 F
R

20
0

P
ilo

t 
pl

an
t

B
es

po
ke

 p
ilo

t 
pl

an
t

P
ilo

t 
pl

an
t

P
ar

ti
cl

e 
si

ze
O

n-
lin

e 
pa

rt
ic

le
 s

iz
in

g 
(0

.0
1 

µ
m

 -
 2

.5
 m

m
)

In
si

te
c 

R
e

s
o

u
rc

e
s

M
a

lv
e

rn
 P

a
n

a
ly

ti
c

a
l

Fi
nd

 t
he

 f
o

llo
w

in
g

 r
es

o
ur

ce
s 

o
n 

w
w

w
.m

a
lv

e
rn

p
a

n
a

ly
ti

c
a

l.
c

o
m

/e
n

/l
e

a
rn

/k
n

o
w

le
d

g
e

-c
e

n
te

r

•
 

A
n

a
ly

s
is

 o
f 

c
a

ta
ly

s
t 

m
a

te
ri

a
ls

 u
s

in
g

 la
s

e
r 

d
if

fr
a

c
ti

o
n

 p
a

rt
ic

le
 s

iz
e

 a
n

a
ly

s
is

•
 

D
if

fe
re

n
ti

a
l P

D
F

 f
o

r 
th

e
 s

tr
u

c
tu

ra
l c

h
a

ra
c

te
ri

z
a

ti
o

n
 o

f 
s

u
p

p
o

rt
e

d
 c

a
ta

ly
s

ts

•
 

Z
e

ti
u

m
 -

 T
h

e
 a

n
a

ly
s

is
 o

f 
to

ta
l c

h
lo

ri
d

e
 in

 a
lu

m
in

a
-s

u
p

p
o

rt
e

d
 c

a
ta

ly
s

ts
 b

y
 W

D
 X

R
F

 a
c

c
o

rd
in

g
 t

o
 U

O
P

 9
7

9

M
ic

ro
m

e
ri

ti
c

s

Fi
nd

 t
he

 f
o

llo
w

in
g

 r
es

o
ur

ce
s 

o
n 

w
w

w
.m

ic
ro

m
e

ri
ti

c
s

.c
o

m
/r

e
s

o
u

rc
e

s

• 
A

c
id

 S
it

e
 C

h
a

ra
c

te
ri

z
a

ti
o

n
 o

f 
H

+
 Z

S
M

-5
 (

S
iO

2
/A

l 2
O

3
:3

0
/1

):
 A

 P
u

ls
e

 C
h

e
m

is
o

rp
ti

o
n

 a
n

d
 T

P
D

 A
p

p
lic

a
ti

o
n

 f
o

r 
th

e
 A

u
to

C
h

e
m

• 
A

c
id

 S
it

e
 C

h
a

ra
c

te
ri

z
a

ti
o

n
 o

f 
N

H
4

+
 Z

S
M

-5
 (

S
iO

2
/ 

A
l 2

O
3
:2

8
0

/1
):

 A
 P

u
ls

e
 C

h
e

m
is

o
rp

ti
o

n
 a

n
d

 T
P

D
 A

p
p

lic
a

ti
o

n
 f

o
r 

th
e

 A
u

to
C

h
e

m

•
 

A
m

m
o

n
ia

 T
P

D
 f

o
r 

H
e

a
t 

S
e

n
s

it
iv

e
 M

a
te

ri
a

ls
 o

n
 t

h
e

 A
u

to
c

h
e

m
 I

II

•
 

A
n

 I
n

tr
o

d
u

c
ti

o
n

 t
o

 C
h

e
m

ic
a

l A
d

s
o

rp
ti

o
n

 A
n

a
ly

ti
c

a
l T

e
c

h
n

iq
u

e
s

 a
n

d
 M

e
th

o
d

s

•
 

C
h

a
ra

c
te

ri
z

a
ti

o
n

 o
f 

A
c

id
 S

it
e

s
 U

s
in

g
 T

e
m

p
e

ra
tu

re
-P

ro
g

ra
m

m
e

d
 D

e
s

o
rp

ti
o

n

•
 

E
ff

e
c

t 
o

f 
O

2
 T

ra
c

e
s

 in
 t

h
e

 C
a

rr
ie

r 
G

a
s

 o
n

 Q
u

a
n

ti
fy

in
g

 t
h

e
 A

c
ti

v
e

 S
p

e
c

ie
s

 in
 C

a
ta

ly
s

ts

•
 

E
v

a
lu

a
ti

n
g

 C
a

ta
ly

s
t 

S
u

b
s

tr
a

te
s

 w
it

h
 t

h
e

 G
e

o
P

y
c

®
 1

3
6

5

•
 

T
e

m
p

e
ra

tu
re

 P
ro

g
ra

m
m

e
d

 R
e

d
u

c
ti

o
n

 U
s

in
g

 t
h

e
 A

u
to

C
h

e
m

A
p

p
li

c
a

ti
o

n
 n

e
e

d
P

ri
m

a
ry

  
te

c
h

n
iq

u
e

W
h

a
t 

it
 m

e
a

s
u

re
s

/ 
w

h
y

 i
t 

m
a

tt
e

rs
R

e
c

o
m

m
e

n
d

e
d

 
in

s
tr

u
m

e
n

t 
ty

p
e

A
s

s
o

c
ia

te
d

  
n

o
rm

Ev
al

ua
te

 c
at

al
ys

t 
ac

tiv
at

io
n

T
P

R
R

ed
uc

tio
n 

pr
of

ile
s

A
ut

oC
he

m
 II

I 2
93

0 
/ 

 
C

he
m

iS
or

b 
A

ut
o 

/ 
3

Fl
ex

. I
C

C
S

 f
or

 in
-s

itu
 

an
al

ys
is

Ev
al

ua
te

 c
at

al
ys

t 
d

ea
ct

iv
at

io
n 

/ 
co

ki
ng

T
P

O
Q

ua
nt

if
y 

C
O

 /
 C

O
2 

pr
od

uc
ti

on

A
ut

oC
he

m
 II

I 2
93

0 
/ 

C
he

m
iS

or
b 

A
ut

o 
/ 

3
Fl

ex
. I

C
C

S
 f

or
 in

-s
itu

 
an

al
ys

is

Ev
al

ua
te

 c
at

al
ys

t 
ch

em
is

tr
y 

/ 
ac

id
ic

 /
  

b
as

ic
 /

 r
ed

ox
T

P
D

 &
 T

P
S

R
D

ec
om

po
si

ti
on

 /
 

d
es

or
pt

io
n 

– 
N

H
3
 /

 C
O

2 
/ 

am
in

es
 /

 M
eO

H
A

ut
oC

he
m

 II
I 2

93
0

Ev
al

ua
te

 h
ea

t 
of

 
d

es
or

pt
io

n 
(H

O
D

)
T

P
D

D
es

or
pt

io
n 

pr
of

ile
s 

un
d

er
 

d
if

fe
ri

ng
 r

am
p 

ra
te

s
A

ut
oC

he
m

 II
I 2

93
0 

/ 
C

he
m

iS
or

b 
A

ut
o 

/ 3
Fl

ex

C
ha

ra
ct

er
iz

e 
co

ke
 

fo
rm

at
io

n
TG

A
 /

 R
am

an
 /

 D
R

IF
T

S
 

/ 
T

P
O

D
ec

om
po

si
ti

on
 &

 s
ur

fa
ce

 
sp

ec
ie

s
M

or
ph

ol
ig

i 4
-I

D
 /

 
C

he
m

is
or

pt
io

n

M
ea

su
re

 m
ec

ha
ni

ca
l 

st
re

ng
th

 (e
xt

ru
d

at
es

/
pe

lle
ts

)

D
ila

to
m

et
ry

 /
 

M
ec

ha
ni

ca
l t

es
ti

ng
S

tr
en

gt
h,

 e
xp

an
si

on
, 

cr
ac

ki
ng

 b
eh

av
io

ur
D

ila
to

m
et

er

A
na

ly
ze

 p
ar

ti
cl

e 
si

ze
 o

f 
po

w
d

er
s

La
se

r 
D

if
fr

ac
tio

n
S

iz
e 

d
is

tr
ib

ut
io

n
M

as
te

rs
iz

er
A

S
T

M
 D

4
4

6
4

A
na

ly
ze

 n
an

op
ar

ti
cl

es
 

an
d 

co
llo

id
s

D
LS

H
yd

ro
dy

na
m

ic
 s

iz
e

Ze
ta

si
ze

r

Ev
al

ua
te

 s
lu

rr
y 

st
ab

ili
ty

D
LS

D
is

pe
rs

io
n 

&
 f

lo
w

 
pr

op
er

ti
es

Ze
ta

si
ze

r

D
et

er
m

in
e 

pa
rt

ic
le

 s
ha

pe
 

an
d 

m
or

ph
ol

og
y

A
ut

om
at

ed
 im

ag
in

g
S

ha
pe

 f
ac

to
rs

, 
ag

gl
om

er
at

io
n

M
or

ph
ol

og
i-

4

Id
en

tif
y 

su
rf

ac
e 

in
te

rm
ed

ia
te

s
R

am
an

 /
 D

R
IF

T
S

R
ea

ct
io

n 
pa

th
w

ay
s

M
or

ph
ol

ig
i 4

-I
D

M
on

ito
r 

d
ea

ct
iv

at
io

n 
pa

th
w

ay
s

R
am

an
 /

 T
G

A
 /

 X
R

D
C

ok
e,

 s
in

te
ri

ng
, p

ha
se

 
ch

an
ge

s
R

am
an

 +
 T

G
A

 +
 X

R
D

Fu
ll 

ca
ta

ly
st

 li
fe

cy
cl

e 
w

or
kf

lo
w

In
te

gr
at

ed
 m

ul
ti

m
od

al
 

ap
pr

oa
ch

S
tr

uc
tu

re
–p

ro
p

er
ty

–
pe

rf
or

m
an

ce
 r

el
at

io
ns

hi
ps

C
om

b
in

ed
 X

R
D

 +
 X

R
F 

+
 s

or
pt

io
n 

su
ite

C
at

al
ys

t 
pe

rf
or

m
an

ce
FR

10
0 

&
 F

R
20

0
Fl

ex
ib

le
 o

pt
io

ns
 f

or
 g

as
 

an
d 

liq
ui

d 
ca

ta
ly

si
s 

at
 

te
m

pe
ra

tu
re

 a
nd

 p
re

ss
ur

e

FR
 s

er
ie

s 
re

ac
to

r 
te

ch
no

lo
gy

P
ro

ce
ss

 d
ev

el
op

m
en

t
P

ilo
t 

pl
an

t
B

es
po

ke
 r

ea
ct

or
 s

ys
te

m
s 

to
 e

na
b

le
 s

ca
le

 u
p

P
ilo

t 
pl

an
t

Tr
ue

 d
en

si
ty

G
as

 p
yc

no
m

et
ry

Tr
ue

 d
en

si
ty

 –
 r

aw
 

m
at

er
ia

ls
 t

o 
fi

ni
sh

ed
 

pr
od

uc
t 

– 
co

m
po

si
ti

on
 

se
ns

iti
ve

. U
se

 w
ith

 s
ol

id
s,

 
liq

ui
ds

 a
nd

 s
lu

rr
ie

s,
 e

g.
 

w
as

h 
co

at

A
cc

uP
yc

 1
3

50
A

S
T

M
 D

67
6

1 
/ 

IS
O

 1
21

54

En
ve

lo
pe

 &
 b

ul
k 

d
en

si
ty

P
yc

no
m

et
ry

D
et

er
m

in
e 

en
ve

lo
pe

 a
nd

 
b

ul
k 

d
en

si
ty

. U
se

 w
ith

 
A

cc
uP

yc
 t

o 
ob

ta
in

 %
 

po
ro

si
ty

G
eo

P
yc

 1
3

6
5

P
ow

d
er

 r
he

ol
og

y
R

he
ol

og
y

C
ar

ry
 o

ut
 p

ro
ce

ss
 

re
le

va
nt

 m
ea

su
re

m
en

ts
 

to
 u

nd
er

st
an

d 
ne

ed
ed

 
po

w
d

er
 c

ha
ra

ct
er

is
ti

cs

Fr
ee

m
an

 F
T4



www.malvernpanalytical.com

Grovewood Road, Malvern, 
Worcestershire, WR14 1XZ, 
United Kingdom

Tel. +44 1684 892456
Fax. +44 1684 892789

Lelyweg 1, 
7602 EA Almelo, 
The Netherlands

Tel. +31 546 534 444
Fax. +31 546 534 598

Malvern Panalytical

Malvern Panalytical provides the global training, service 

and support you need to continuously drive your analytical 

processes at the highest level. We help you increase 

the return on your investment, and ensure that as your 

analytical requirements grow, we’re there to support you.

Our worldwide team of specialists adds value to your 

business processes by ensuring applications expertise, 

rapid response, and maximum instrument uptime.

• Proactive local and remote support

• Full and flexible range of service agreements

• Compliance and validation support

• Onsite or classroom-based training courses

• e-Learning training courses and web seminars

• Digital services, including MyStore and 

My Customer Support Portal

• Sample analysis, method development, 

and applications consultancy

Service & Support 

About Malvern Panalytical
Together we are a powerful and highly complementary 

combination of market leading technologies. We are the 

toolmakers for the world’s most innovative companies, 

academic institutions, and government laboratories. 

More than 92,000 of our instruments are used every day 

in our customers’ laboratories. Customers value us not 

only for the power of our analytical technologies, but also 

for the depth of our expertise. We are their partners in 

discovery. Customers see the difference when they use 

our instruments and feel the difference when they deal 

with our people. 

Malvern Panalytical instruments analyze the chemical, 

physical and structural nature of materials, from proteins 

to polymers and semiconductors to minerals. Our leading 

technologies measure particle size, shape, concentration 

and zeta potential, biomolecular interactions and stability, 

elemental concentrations and crystallographic structure.

We have a global footprint with R&D and manufacturing 

sites in North America, Europe, and Asia. We are more than 

2,500 employees in a customer-focused organization with 

sales and service offices in 20 countries, all committed to 

delivering expert and responsive customer support.  We 

are committed to achieving Net Zero in our operations by 

2030, and across our total value chain by 2040. We are 

part of Spectris plc, a publicly traded FTSE 250 company. 

Spectris combines precision with purpose, delivering 

progress for a more sustainable world. Precision is at the 

heart of what we do – our leading, high-tech instruments 

and software equip our customers to solve some of their 

greatest challenges to make the world cleaner, healthier 

and more productive.
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