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PEER REVIEWED

I N THIS EXPERIMENTAL WORK, WE

show that by properly control-
ling the load applied to the
sheet as the nip opens, sheet

delamination can be inhibited.

EXPERIMENTAL
Controlled decompression
impulse drying

Based on the Institute’s previous
research (1–4), experiments were
performed to access the idea of con-
trolling the decompression of the
sheet during the nip-opening
process. In this concept, the ambient
pressure surrounding the impulse
dryer would be maintained at 1 atm
(101 kPa absolute), while the nip-
opening pressure profile would be
modified by adding a long decom-
pression to the standard nip pressure
profile. For simplicity, this long
decompression is referred to as a
“ramp profile” in the discussion that
follows.

The shape of the ramp profile is
defined by the applied load pressure
at the instant that the nip begins to
open and the time at which the
applied pressure equals the ambient
pressure, and the functional relation-
ship between applied pressure and
time. FFiigguurree  11 shows the ramp pro-
files that were investigated.

Using the same handsheets as
were used by Krause (1, 3), a series
of impulse drying experiments were
performed in which all conditions
were maintained constant, except
for the ramp profile and the platen
setpoint temperature. TTaabbllee  II shows
the parameters that were fixed dur-
ing these experiments.

FFiigguurree  22 shows outgoing solids as
a function of platen setpoint temper-
ature. It should be noted that the
ramp profile adds to the total
impulse applied to the sheet. Hence,
it is understandable that outgoing
solids increased when the ramp pro-
file was changed from the absence of
a ramp (Ramp=NO) to the longest
ramp (Ramp=A).

The impulse-dried sheets were
tested using out-of-plane ultrasound.
The coefficient of variation of the
specific elastic modulus was deter-
mined and is plotted as a function of
platen setpoint temperature and
ramp profile in FFiigg..  33.. In agreement
with all earlier work, delaminated
sheets were found to have coeffi-
cients of variation in excess of
10–15%. A review of Fig. 3 showed
that sheets impulse dried with no
ramp profile delaminated at all
platen setpoint temperatures investi-
gated. Samples impulse dried using
Ramp C failed to delaminate only at
the lowest platen setpoint tempera-
ture of 200°C, while Ramps A and B
did not delaminate at any of the
platen setpoint temperatures investi-
gated.

FFiigguurree  44 shows specific elastic
modulus as a function of platen set-
point temperature. It was observed
that sheets impulse dried with ramp
profiles that prevented delamination
had improved strength relative to
any other condition investigated.
Hence, by using the proper ramp
profile, the press surface tempera-
ture may be increased to obtain
higher sheet strength as well as
higher solids.

Measurement of internal sheet
temperature

In additional experiments, which
were otherwise identical to those
presented in the previous section,
the sheets were formed from three
equal layers with 0.05-mm-diam ther-
mocouples between layers and on
the top and bottom surfaces of the
sheet.

FFiigguurreess  55––88 show these experi-
mental temperature profiles. The
temperature on the heated surface of
the sheet is designated as T1, those
between sheet layers are T2 and T3,
and that on the surface of the sheet
in contact with the felt is T4. The
platen setpoint temperature, as 
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ABSTRACT
Recent Institute research has shown
that changes in the nip-opening
process can significantly impact sheet
delamination during impulse drying.
Empirical evidence shows that by
opening the nip to ambient pressures
in excess of 1 atm, delamination can
be avoided.While this method may
prove to be practical, methods that
were easier to implement are being
sought.

Further experimental work
showed that by properly controlling
the load applied to the sheet as the
nip opens, sheet delamination could
be inhibited.The experiments identi-
fied nip-opening load conditions that
were sufficient to suppress the
delamination of 205-g/m2 linerboard
handsheets having a freeness of 400-
mL CSF at 35% ingoing solids.

Application:

This work showed that sheet delami-
nation can be avoided by properly
designing the decompression phase of
the pressure profile.This can be
implemented by modifying the shape
of the conventional press shoe or by
providing a postnip mechanical load.

IMPULSE DRYING



VOL. 81: NO. 9  TAPPI JOURNAL 159

measured and maintained constant by a thermocouple
on the back side of the platen, is designated as Ts.p.The
instantaneous platen surface temperature, as measured
by a vacuum-deposited thermocouple, is designated as
Tp.s.

The following important observations can be made
from the experimental temperature profiles:

• The temperature at the interface between the top
layer and middle layer of the sheet generally tended
to decrease with time during the nip-opening

1. Nip-opening decompression profiles
2. Outgoing solids as a function of platen setpoint temperature
for nip-opening ramp profiles

NO ramp
A

1500

1000

500

0

B
C

0 75
TIME FROM START OF NIP OPENING, ms

LO
AD

 P
RE

SS
UR

E,
 kP

a (
ab

so
lut

e)

12525 50 100 150

48

46

44

42

40

PLATEN SETPOINT TEMPERATURE, ˚C

O
UT

GO
IN

G 
SO

LI
DS

, %

150 200 250 300

�

��
�

�
�
�

�

�

�

���
���

Ramp A
Ramp B
Ramp C
NO Ramp

�
�

�

I. Fixed parameters

Stage Parameter Result

Pulp Species 93% southern
hard pine, 7% gum

Kappa no. 102
Weight-weighted 2.3
fiber length, mm

Sheet Basis weight, g/m2 205
Ingoing solids, % 34
Ingoing density, g/cm3 0.7
Freeness, mL CSF 400
Hydrodynamic specific 29.5
surface, m2/g
Hydrodynamic specific 0.823
volume, cm3/g
Ingoing temperature, °C 85

Felt Sample designation BXC5
Ingoing moisture, % 16

Impulse Platen material Carbon steel
drying Peak nip pressure, kPa 4300

Nip dwell time, ms 40

3. Coefficient of variation of the specific elastic modulus as a
function of platen setpoint temperature for nip-opening ramp
profiles

4. Specific elastic modulus as a function of platen setpoint tem-
perature for nip-opening ramp profiles
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process.This is consistent with
evaporative cooling.

• At any given time during nip
opening, sheet temperature
decreases with increasing depth
into the sheet. Hence, it is antici-
pated that flashing and venting
would occur from the top surface
of the sheet downward.

• During nip opening, the internal
sheet temperatures often went
through a period where the tem-
perature increased before follow-
ing the general decreasing trend.
This temperature increase occurs
while the system is still a sub-
cooled liquid.

Interpretation of the internal
sheet temperature data

Referring to the experimentally
determined internal sheet tempera-
tures, Figs. 5–8, and the experimental
transition times reported in TTaabbllee  IIII,,
we may identify regions of the exper-
imental temperature profiles as
being at saturation conditions.
Hence, the internal temperature mea-
surements can be used as a measure
of the local internal sheet pressure.
This was done by calculating these
local pressures as the saturation pres-
sures corresponding to the measured
temperatures for the experiments, as
shown in FFiiggss..  99––1111.. Also shown is
the figures, for comparison, are the
corresponding load decompression
profiles.

The pressure differential across
the top ply of the sheet may be cal-
culated as P2-Load Pressure. The
maximum pressure differential and
its time of occurrence are reported
in TTaabbllee  IIIIII.. These measurements
may be used as a test of the hypothe-
sis that a sufficient pressure imbal-
ance causes delamination. We
observed that a pressure imbalance
of about 200 kPa occurred for the
Ramp=NO 260°C case, while there
was no imbalance of pressure
observed in the Ramp=A cases for
260°C.As the Ramp=NO 260°C case

5. Measured temperature as a function of time during nip opening using Ramp=NO at
a setpoint temperature of 200°C

6. Measured temperature as a function of time during nip opening using Ramp=NO at
a setpoint temperature of 260°C
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7. Measured temperature as a function of time during nip opening using Ramp=A at a
setpoint temperature of 200°C
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delaminated while the Ramp=A
cases did not, we support the
hypothesis that the long ramp pre-

ing the nip opening. Internal sheet
temperature profiles were converted
to pressure profiles, and pressure
imbalances were determined. The
results are in agreement with the
hypothesis that delamination results
from a pressure imbalance between
the inside and outside of the sheet
during nip opening.TJ

Orloff is a professor and director, Engineering
Division; Patterson is a senior associate engi-
neer, Engineering Division; Phelan is an associ-
ate scientist, Engineering Division; and Rud-
man is an assistant engineer, Engineering

vents delamination by reducing the
imbalance between internal sheet
pressure and the load pressure. Fur-
ther experiments along these lines
are needed to fully understand this
delamination mechanism.

CONCLUSIONS
This work demonstrated that delami-
nation could be inhibited by apply-
ing a controlled decompression dur-

II. Experimental transition times from sub-
cooled liquid to saturated mixture for the
ramp experiments
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8. Measured temperature as a function of time during nip opening using Ramp=A at a
setpoint temperature of 260°C
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9. Sheet pressure as deduced from mea-
sured temperatures at location 2 in the
sheet as a function of time during nip
opening using Ramp=NO at a setpoint
temperature of 260°C

10. Sheet pressure as deduced from mea-
sured temperatures at location 2 in the
sheet as a function of time during nip
opening using Ramp=A at a setpoint
temperature of 200°C
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11. Sheet pressure as deduced from mea-
sured temperatures at location 2 in the
sheet as a function of time during nip
opening using Ramp=A at a setpoint
temperature of 260°C

KEYWORDS 
Acacia, delamination, linear load, liner
boards, mechanical properties, nip,
Pinus, platens, presses, pressure
reduction, shock drying, surface tem-
perature.

IMPULSE DRYING



162 TAPPI JOURNAL  SEPTEMBER 1998

IMPULSE DRYING

Division at the Institute of Paper Science and Technology, 500 Tenth St.
NW,Atlanta, GA 30318-5794.

The authors would like to thank the member companies of the Institute of
Paper Science and Technology for supporting this research. Portions of this work
were used by P. M. Parviainen as partial fulfillment of the requirements for the
M.S. degree at the Institute of Paper Science and Technology.

Received for review June 25, 1997.
Accepted Oct. 23, 1997.

Presented at the TAPPI 1997 Engineering/Papermakers Conference.

III. Mean pressure difference at the end of the ramp

Maximum Time of
pressure maximum

differential, pressure
Case kPa (absolute) differential, s

A/200°C 0 NA*

NO/260°C 200 0.014
A/260°C 0 NA

*Not applicable

LITERATURE CITED
1. Krause,A. M., “The Effect of Ambient Pressure on Sheet Delamination in Impulse Drying,” M.S. thesis, Institute of Paper Science and Technol-

ogy,Atlanta, 1995.
2. Orloff, D. I., Patterson,T., and Krause,A. M., U.S. pat. 5,598,642 (Feb. 4, 1997).
3. Orloff, D. I., Patterson,T., and Krause,A. M., TAPPI 1997 Engineering and Papermakers Conference Proceedings, TAPPI PRESS,Atlanta, p. 1457.
4. Orloff, D. I., Patterson,T., and Parviainen, P. M., TAPPI 1997 Engineering and Papermakers Conference Proceedings,TAPPI PRESS,Atlanta, p. 1467.


