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Clean, dry air works better.

No matter how you're using com-
pressed air, aftercooling will help you
reduce maintenance time and equip-
ment wear.

Under compression, air heats up. (1)
Hot compressed air carries large
quantities of vaporized water. For
instance, an industrial air compressor
operating at 90 psi, and delivering
100 cfm of air, without aftercooling,
can circulate four gallons of water
through an air system during an eight-
hour shift.

Aftercooling removes troublesome
water. A good aftercooler (2) and
moisture separator (3), properly
installed just downstream of your
compressor, will remove up to 959% of
entrained water droplets above 10
microns in size.

A properly-sized air receiver with
drain traps (4) removes most of the
remaining water. It's imperative to use
air as clean and dry as you can get it.
Dry air reduces maintenance and
rework, and extends the service life of
expensive air equipment.

Make sure your piping system is
designed to trap additional condensa-
tion as it develops further along the
system. ()

Using filter/regulator/lubricator units
(B) at the actual points of air use
removes most remaining water, and
particles to 5 microns in size.

Without aftercooling, water vapor is
suddenly released at the point of use
(7), causing the vapor to change to
liquid. This can ruin work, wash lubri-
cant off operating tool parts, and may
even freeze tool exhausts.

Aftercoolers save operating dollars.
The more the temperature of your
compressed air can be reduced close
to the compressor, the less water and
oil vapor it can carry to the distribu-
tion system . . . causing expensive
problems and maintenance
headaches.

We have the aftercoolers you need,
and this catalog will help you select
them. For more information, call your
ITT Standard distributor, representa-
tive or sales office.

How aftercooling works for you in a typical air system.
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DIAMETERS TUBE BUNDLE TUBES PAGE

A3OO 2 thru 13-inch Removable with packed floating AMACLEAN® tubes® 4-5
heads (except 2-inch)

A200 2 thru 13-inch Removable with packed floating AMATRAN® inner-fin* 6-7
heads (except 2-inch)

; 2 thru 8-inch Fixed tubesheet Bare tubes (2-inch thru 8-9

HCF d-inch) « AMACLEAN® tubes
(5-inch thru 8-inch)
HCFQ ‘ 2 & 3-inch Fixed tubesheet Bare tubes 10

A100

“When you need bare tubes and can tolerate additional tube length specify the A 100. Call us for information.

CROSS SECTION:
%" DIA. AMACLEAN TUBE

CROSS SECTION:

" DIA, AMATRAN TUBE
;}é’.u D.D’

COPPER
TUBE

3" COPPER
TUBE WITH

INNER FINS OF TUBE

AMACLEAN"

Space-saving patented AMACLEAN
tubes—with our exclusive fin
geometry—give you much more
heat transfer surface per unit of
length than conventional tubes. And
they're easy to clean, too.

AMATRAN®

Provides much more heat transfer
surface per unit of length than you'll
find in conventional bare-tube after-
coolers.

The terms AMATRAN and AMACLEAN are trade marks of ITT Corporation.

INMER FIN
FULL LENGTH

HEADER

TELLTALE
HOLES

LANTERN
GLAND

I\ FLOATING
RINGS TUBESHEET

In aftercoolers with removable tube
bundles, the lantern gland allows
tube bundle to expand and contract,
minimizing stress build-up and pre-
venting intermixing of shell and
tube fluids.



A300 aftercoolers witn exciusive AMACLEAN® tubes

ASME inspected and stamped where required

The unique ITT Standard A300 after-
cooler with AMACLEAN tubes is one of
the smallest, most efficient aftercool-
ers you can find to cool compressed
air and gasses. Type A300 aftercoolers
are well suited for applications with ol
carry-over . . . because AMACLEAN
tubes are easy to clean mechanically
.. . thereby insuring efficient

The unusual heat transfer capabilities
of AMACLEAN tubing permit yvour
A300 aftercooler to do the job of
conventional equipment much longer
in length. This exclusive innovation
uses increased internal tube surface
to get maximum cooling in a tube only
3' 4" long. The result is a savings in
space and original aftercooler

bundle to expand within the shell.
Tubes and tubesheets are corrosion-
resistant; shell and air headers are
steel (cast iron in some models). And
all A300's have brass baffles, as
standard equipment.

Type A300 aftercoolers are designed
to use with compressors, operating at

heat transfer. : . .
altranster installation cost. pressures up to 300 psi and for tem-
A removable tube bundle, with perature EﬂpfpﬁChES of 10° or 15°F,
T, packed floating head, offers easy based on minimum cooling water

flows.

The unique features of the A300
aftercooler make it readily adaptable
to applications using inert gasses
other than air, and where tempera-
ture approach requirements vary.

maintenance and replacement. The
packed floating head allows the tube

Ratings and Dimensions

150 200 210 | 02040 | 23 (2% Y4 = - 3| 3| 2 -
230 310 330 03040 | 312 |2%s| % = - o | 6% | 1% 3
500 660 705 04040 | 412 |3%| 1 — - 6l | 7 2% 4
850 1140 1215 05040 | 5%gd's| 1 ~ - JE:H | 3 5
1010 1340 1440 06040 | 63 (4% 1% 6 6 10% {134 | 3 b
1
2100 2800 3000 08040 | 8% [5%| 1% 8 8 115 | 144 | — 8
3600 4780 5130 10040 103417 |2 10 10 TI:‘ 15% | — ldﬂ
2320 71080 - 12040 1234 |8} 3 12 12 13% | 16 — 12
6530 8700 - 13040 |14 9% 3 14 14 13% | 16% 14

ALL DIMENSIONS ARE IN INCHES




Series 03000 Thru 13000

Series 02000 (2-inch) fixed tubesheet
(3-inch thru 13-inch) with removable tube bundle

V—DISTANCE REQUIRED
TO REMOVE BUNDLE

M—AIR INLET

ol
|

SHELL SIDE

150 PSIG

1034 kPa

225 PSIG

L—N.P.T.

'{:—- —— U -l - u
- " 0 S o %'NPT.SIZESO3THRUOS [ © T et |
L—N.P.T. WATER %" N.P.T. SIZES 06 THRU 13 WATER OUTLET
-~ ' OUTLET L _|\
s I 1 Q-—-AIR ¥
E c I H - |/ OUTLET A T-- L it
. | ; i ) .
'T 5 : M_MNPT. L— M.F_T.J_ Q—-N.P.T.
' c - AIR INLET WATER INLET  AIR OUTLET
L R )
L - o

%" N.PT. 5IZES 03 THRU 05

¥" N.P.T. SIZES 06 THRU 123

WATER INLET

DESIGN PRESSURES AND TEMPERATURES

TUBE SIDE

150 PSIG

1034 kPa

#4300 PSIG

2068 kPa

300 PSIG

2068 kPa | 450 PSIG | 3103 kPa

“02 Series — 225 PSIG, 1951 kPa

35%

35%

42%

42%

1ATW

304

30%

43%

48%

43

42

1 TW

30%

29

43%

487%%

42

42

2TW

304

29

44

49%

42

47

2WTW

30%

29

49%

29%

38

36

3TW

29

29

50

9674

37

35

5T

4-TW

29

26

3l

5%

3]

35

6T

5-TW

26

26

o4

7%

3

35

8T

b-TW

26

26

92

57%

37

35

87

8-TW

NOTES:

“ Capacities are based on maximum heat

transfer and two-stage compression. For
single stage applications reduce above
capacities 10%. (Correction not applicable
to tabulated rotary capacities.)

+ Approach temperature is the difference

between the air temperature leaving the
aftercooler and cooling water inlet
temperature.

_All dimensions are in inches unless other-

wise indicated. Catalog dimensions
subject to variation. Use only certified
drawings for construction purposes.

- The last 3 digits of the size numbers in-

dicate tube length in inches, while the
preceding digits denote shell diameter in
inches. For example, Size No. 08040
indicates a 40-inch tube length and 8-inch
shell diameter.

. Cooling water flow rate is based on 3 or

more GPM per 100 SCFM capacity, but
may vary depending on operating
conditions.

4. To convert SCFM air at 14.7 P.S.1.A. and

B0° F to M3/Min. air at one atmosphere
and 15.6° C, divide SCFM by 35.3.




A 200 Aftercoolers With AMATRAN® tubes

HOT AIR OR GAS IMLET PACKING RINGS
FROM COMPRESSOR AND LANTERN GLAND
WITH TELL-TALE YENTS

COOLED DRY AIR

WATER OUTLET OR GAS OUTLET

iWwirnw

COPPER ALLOY TUBES

RUGGED
STEEL
SHELL

REMOVABLE
TUBE BUNDLE

COPPER ALLOY

TUBESHEETS WATER IMLET

BAFFLES ALTERMATELY CHANGE
DIRECTION OF FLOW.

Co
¢ Compact CENTRIFUGAL  —on
e Built to ASME Sec. VIII (optional)

(stamped where required)
¢ 10° and 15° approaches

e True counter-current flow
WATER AND OTHER

AMATRAN tubes give you much more Ll FOREIGN MATTER TO DRAINER
heat transfer surface per unit of length TO BE DRAINED OFF loptional)
than conventional bare tubes.
A200 aftercoolers have packed float-
ing heads, corrosion-resistant tubes
and tubesheets, steel shells and air
headers (cast iron in some models)
and brass baffles...as standard
equipment.
Ratings and Dimensions
“Capacities in SCFM Air | Rotary (100° . " p 0
above i_n]hie_nt}
“%",’;“F“ﬂ'ﬁ,'“ size | A |c] L ' _
10° 15¢ 10° Approacht 150% AN.S.| 300# ANS.| 150% | 300% 150%# ANS. | 3004 ANS.
Approacht | Approacht NP.T.| Flg.R.F. Fig. R.F. | Design |Design | NP.T.| Fig. F.F. Flg. R.F.
150 200 210 02044 | 235 |2%| Y| 2 — — 3| 33| 2 — —
230 310 330 03044 | 3151278 | 3 - - 5k | 6% | 1k — 3
500 660 105 04044 | 41513%| 1 | 4 - — s | 7 24 — 4
850 1140 1215 05044 | 5%gdLs| 1 5 — — bl | T4 | 3 - 5
1010 1340 1440 06044 | 635 43| 15| — b b 10} [ 134 | 3 — i
2100 2800 3000 08044 | 8% 53| 14| — 8 8 113 | 144 | — B 8
3600 4780 5130 10044 [1034|7 |2 — 10 10 12 15 | — 6 10
5320 7080 - 12044 (1234 |8l4| 3 -~ 12 12 13% | 16 - 8 12
6530 8700 — 13044 |14 |9%| 3 — 14 14 139 | 164 | — 8 14

ALL DIMENSIONS ARE IN INCHES



Series 03000 Thru 13000

Series 02000 (2-inch) fixed tubesheet
(3-inch thru 13-inch) with removable tube bundle

V—DISTANCE REQUIRED
TO REMOVE BUNDLE

A U - v
—— P -t T | %"N.PT SIZES03 THRUOS T
| L—N.P.T. WATER %" N.P.T. SIZES 06 THRU 13 WATER OUTLET
— O QUTLET | - __|\1 -
1 | S b 1 Q-AIR ¥
| -_E C i - :':L"/DUTLET P A S
) 1 - A . i _ —| N
J‘ é . M_NPT, L_H_F_le'—ﬁ? Q—N.P.T.
<- H _t:t{__ _{_
- %" N.P.T. SIZES 03 THRU 05
M—AIR INLET L—N.PT. %" N.P.T. SIZES 06 THRU 13
WATER INLET
DESIGN PRESSURES AND TEMPERATURES
DESIGN DESIGN PRESSURE TEST PRESSURE DESIGN TEMP. DESIGN PRESSURE TEST PRESSURE DESIGN TEMP.
SHELL SIDE|150 PSIG | 1034 kPa | 225 PSIG | 1551 kPa | 250°F. | 121°C.|| 150 PSIG | 1034 kPa | 225 PSIG | 1551 kPa | 250°F.| 121°C.
TUBE SIDE |150 PSIG | 1034 kPa | ®*300 PSIG | 2068 kPa | 400°F. | 204=C.{| 300 PSIG | 2068 kPa | 450 PSIG | 3103 kPa | 350°F.| 177°C.
=#()2 Series — 225 PSIG, 1551 kPa
NOTES:
T u v Moisture | Moisture f - |
Separator | Separator “ Capacities are based on maximum heat
Model Model transfer and two-stage compression. For
150# | 300# | 150# | 300# | 150% | 300% | 150% Des. | 300# Des. single stage applications reduce above
Design | Design | Design | Design | Design | Design capacities 10%. (Correction not applicable
to tabulated rotary capacities.)
+ Approach temperature is the difference
39% 39%4 46% 46% - - 14T LATW between the air temperature leaving the
aftercooler and cooling water inlet
3 | 34k | 4TY | 524 47 46 14T 11TW temperature.
_All dimensions are in inches unless other-
wise indicated. Catalog dimensions
34y, 33 4% 3% 46 46 21 2TW subject to wvariation. Use only certified
drawings for construction purposes.
34y, |33 48 53 | 46 46 3 2 TW . The last 3 digits of the size numbers in-
dicate tube length in inches, while the
preceding digits denote shell diameter in
34V, 33 53% 9% 42 40 31 3TW inches. For example, Size No. 08044
indicates a 44-inch tube length and 8-inch
33 33 54 60% 41 39 5T 4-TW shell diameter.
. Cooling water flow rate is based on 3 or
more GPM per 100 SCFM capacity,
33 30 5 61%% 4 39 6T o-TW but may vary depending on operating
conditions.
30 30 55% | 61k 41 39 8T B-TW _To convert SCFM air at 14.7 P.S.LLA. and
60° F to M3'Min. air at one atmosphere
d 15.6° C, divide SCFM by 35.3.
30 |30 |.56% |61% | 41 | 39 8T | 81w - v !




HCF Aftercoolers.

Economy coolers with real quality.

ITT Standard HCF aftercoolers are
rugged, long lasting fixed-tube-sheet
units with SCFM ratings from 20 to
2800. 2" thru 4" models have seamless
non-ferrous bare tubes; 5", 6" and

8" models have unique patented
AMACLEAN tubes with optimum inner
fin geometry. All have tough, ductile
brass shells, brass baffles and cast-
iron bonnets.

N

2", 3" & 4" SIZE 2", 3" & 4" SIZE

P
S

gt ! + T
2" & 3" SIZE

N
: .~ L/G_UENT HIEY; l r
@ st
° hl | B DIA. - T

&
o

e
5" SIZE / /”1_
N—DRAIN

L—WATER INLET O—DRAIN

o

AIR OUTLET
6" SIZE

1)

&

8" SIZE 8" SIZE
TYPICAL BONNET TYPICAL BONNET
CONFIGURATION CONFIGURATION
MM —AIR OUTLET M—AIR INLET




Ratings and Dimensions

42 20 36 02036 | 2% | 23 sg. | 114 ] Bl - u B | —| 2% |[344] 39 ¥ T
90 42 75 02042 | 2% | 2% sq. | 1'% |1 l - | u % | —| 2% [40%|45 | % 4T
140 80 130 02048 | 24| 2'%ssq. | 1% | W | 1% 1% — | —| 3% |46%|54% | — | 1T
210 130 130 02054 | 2% | 2'%ssq. | 1% | % | 1% — | 1% — | —| 3% |52%|60% | — | 14T
280 160 265 03048 | 3% | 4Msdia. |20 |1 1% — | 1% % | | 2% |46%| DLW | % 1T
420 265 380 03054 | 3% | 4%edia. 2% |1 |2 | — | 2 Vo | 40 |52% | 61% | — | 2T
540 315 510 04048 | 41| 5%edia. |34 1% |2 | - |2 ¥l | 3% [45%|52% | w | 2T
810 510 735 04054 | 4| S%edia. |34 | 1% | 24| - | 2% o | Y| 4ls |51%|60% | — | 2T
900 840 300 05040 | 51| 6ldia. [3% |1% |3 | — | 24 %ol Y| 4%s |37%|45% | — | 2T
1120 ~ 1200 05040 | 5% | 6ladia. |3% (1% |3 | — |3 W | Y | 4% |37% |46 - | 37
1500 1220 1500 06040 | 6% | 9dia. |44 |2 | —| 4 |3 | W | 5% |36%|46% | — | 3T
2800 2205 2800 08040 | 8% | 1ldia. |5% |3 -1 6| - b | W7 35 |49 - | 4T

ALL DIMENSIONS ARE IN INCHES

Design temperatures and pressures

Shell Side | 200 PSIG | 1379 kPa | 300 PSIG | 2058 kPa | 300°F | 149°C

Tube Side | 150 PSIG | 1034 kPa | 225 PSIG | 1551 kPa | 300°F | 149°C

NOTES:

*Capacities are based on maximum
heat transfer and two-stage com-

pression. For single stage applications

reduce capacities 10%. (Correction
not applicable to tabulated rotary
capacities.)

t Approach temperature is the differ-
ence between the air temperature
leaving the aftercooler and cooling
water inlet temperature.

1. All dimensions are in inches unless
otherwise indicated. Catalog dimen-
sions subject to variation. Use only
certified drawings for construction

purposes.

2. The last 3 digits of the size
numbers indicate tube length in
inches, while the preceding digits
denote shell diameter in inches. For
example, Size No. 08040 indicates a
40-inch tube length and 8-inch

shell diameter.

3. Cooling water flow rate is based on
3 or more GPM per 100 SCFM
capacity, but may vary depending on
operating conditions.

4. To convert SCFM air at 14.7
P.S.1.A. and 60°F. to M?/Min. air at
one atmosphere and 15.6°C, divide
SCFM by 35.3.
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HCFQ Aftercoolers.

The ITT Standard HCFQ aftercooler
has a tough, ductile brass shell, unique
flanged brass baffles, seamless cop-
per tubes and cast iron bonnets.

—
L

[

M—AIR QUTLET

L

- U
?- T - PP o
o S E e —
L-WATER -DLITLET\:
—_ R ——
1 - > !
i . | N L
/L_U_ C | &y
1 \, - _ 1

jr—

7/

M—AIR INLET

L-WATER INLET

CONFIGURATION FOR 02021 ONLY

T T R P e

Shell Side

1379 kPa

Tube Side

1724 kPa

40 - 02021 214 214 144 14 1 1445 19% | 23 1T
110 120 02030 2V4 2114 144 1 1Y% 3% 28% | 36% 1147
170 230 02048 2 2 14 Y 14 3% 46% | 54% 15T
190 - 02054 214 2144 1% L 144 3% 2% | 603% 134T
145 155 03022 | 3 | (4% | | 1 2 M% | 20% | 29% | o

434
280 290 03036 | 3% (dia.) 2 1 214 4134 3414 433 24T
ALL DIMENSIONS ARE IN INCHES
NOTES:
& {:apacitiesf are based on maximum heat transfer and two-stage
compression.

1. A:II dimensions are in inches unless otherwise indicated. Catalog
dimensions subject to variation. Use only certified drawings for
construction purposes,

2. The last 3 digits of the size number indicate tube length in
inches, while the preceding digits denote shell diameter in
inches. For example, Size No. 02021 indicates a 21-inch tube
length and 2-inch shell diameter.

3. Cooling water flow rate is based on 3 GPM per 100 SCFM
capacity, but can vary depending on operating conditions.

4. To convert SCFM air at 14.7 psia and 60° F to M3*/min., air at
one atmosphere and 15.6° C, divide SCFM by 35.3,

5.Bonnet and Tubesheet for 3-inch size not as depicted above.




Centrifugal moisture separators.

Installing a moisture separator along
with your ITT Standard aftercooler
increases the efficiency of your air sys-

MODEL TW
tem, by removing moisture and all MODEL T ol N |
other entrainment from the air pipeline. . ' . ﬁ
e
F—AIR |— I-H - oyt i
—aAl B ——— L _ { -
Compact and lightweight, the centri- ™" ™\ 3 | N e bl T TN A SuTLET
fugal moisture separator is easily i i Jin o e 0
installed and supported by the line. I Iﬂ—- 17 _"15!] I :__%’ | ’ ':q_J'
Moisture separators are ASME code i Y T oo - gt
constructed, and can be stamped if _@— VENT CONN -@{ VENT CONN
you require, where applicable. | R
c I-==.=- ,_ c I :t ,._'I
N
H 1" NET B E CONN'
Gal - |
 H—NPT £ eonmE ' \H-HF’T
DRAIMN COMM DRAIM COM M
150 PSI Models 300 PS| Models
MODELS DESIGN PRESS. | TEST PRESS. | DESIGN TEMP. MODELS DESIGN PRESS. | TEST PRESS. | DESIGN TEMP.
psig kPa psig | kPa oF °C psig kPa psig | kPa °F bl ¥
UT thru 2T 250 1723 | 300 | 2068 | 250 121 14 TW thru 8TWincl. | 300 2068 | 450 | 3103 | 650 343
24T thru 5T incl. 150 | 1034 | 300 | 2068 | 450 | 232
6T & 8T 150 | 1034 | 225 | 1551 | 400 | 204
10TW thru 18TWincl. | 150 | 1034 | 225 | 1551 | 400 | 204
150 PSI Models 300 PSI Models
Model | A B C D E F G Hil Model| A B C D E F G H|J
wT | 5500 2750 9.250| 4125 — |%*NeT |%NPT |1 |%| | 14TW| 7.750| 3.188]10.500| 5.562[4.750 [ 2“NPT | 1%"NPT |1 |%
1T | 6000| 3.000] 9250 525| — [1"NeT |1neT |1 || |134TW|1a.500] 3.812|12500| 6625[a750 3" & | 1eweT |1 |4
14T | 6.000| 3.000] 9.250| 5250 1Nt | 1eneT |1 ul | 2w [15.000] 3.812|12.500] 6.625 4750 |4 2 | 2neT |1 |1
18T | 7.500| 3.750| 11.750| 5.875| — | 1W"NPT | 1%"NPT |1 |['a| |2%TW|19.000( 9.000|15.000| 8.625(5.750 5" ;ﬂﬁ Eb’é”fﬁﬂg 1 |
ar | 8125| a062| 13.000] 6625 — |2weT |2'wpT |1 |w| |3™W [21.000 {10.000 [18.000]|10.750 |5.750 6" B | 3+ B |1y |u
T | 9.375| 4.688] 14500 7.750| 4.750| 204'NPT | 24"NPT |1 %] | 4TW |23.000|11.000 [22.000{12.750 [5.750 |8 & | av & |1y |w
3T 11.062 | 55311 16.250( 9.125]4.750 | 3"NPT | 3"NPT | 1% (% | |5TW |25000)12.000 [26.000|14.000 |7.875 1[]"#3?']; " ﬁ"?? 1% | %
a1 | 15875 7.938]19.500{ 11.250(5.750 | 4" * |4 B |134|3%]| |6™W [27.000|13.000(30.000|16.000 [7.875 |12 5 | 6 = |134|u
ST | 18.625| 9.312| 24.750| 13.500{ 7.875 | 5 % |5* & |1y4]3%| |8™W |29.000|14.000 |37.000|18.000 [7.875 |14" % | 8" = |2 |y
6T | 24.000[12.00030.000| 16.000] 7.875 | 6" & |6* & |1%|%
8T 28000 [14.000{37.000| 18.000| 7.875 | 8" &= |8 & |2 |u
10TW | 35.000{17.000|55.000| 24.000{7.875 | 16" % | 10" [2 |
12TW |39.000 [19.000 |58.000 | 28.000 |7.875 | 18" &5 |12 & |21
14TW | 44.000 | 21.000{ 60.000| 32.000| 7.875 | 20" 55 | 1475 |24 |y
18TW | 55.000 [27.000| 85.000| 42.000{9.125 | 2a" 5" |18 5 |3 |u

ALL DIMENSIONS ARE IN INCHES
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ITT Pre-engineered

shell-and-tube heat
STAN DARD exchangers for general

PRODUCTS. heating and cooling.
DESIGNED
TO MEET
VIRTUALLY

Engineered/customized
EVERY HEAT heat exchangers for process
TRANSEFER and other heating/cooling
APPLICATION applications.
REQUIREMENT.

Brazepak™ compact,
vacuum-brazed,

general purpose

- heat exchangers.
FanEx® air/oil,

air/air, or air/water

heat exchangers.

Pure-Flg™
heat

exchangers.

Plateflow® Heat Packaged
plate-and-frame transfer steam
exchangers. coils. condensers.

ITT Industries

Engineered for life

ITT St andard P.0. Box 1102 In Canada: HepeeSentEd y:
175 Standard Parkway ITT Standard
Buffalo, NY 14240 875 Dillingham Road
8| 500/447-7700 Pickering, Ontario LTW 2Y5
In New York State: 716/897-2800 @& 905/837-2513
Fax: 716/897-1777 Fax: 905/837-2930

www_ittstandard.com

Lit# 104-40
Formerly AMERICAN-STANDARD HEAT TRANSFER DIVISION @1539 ITT Standard 920175.2.50.399.BL @Frinted on recycled paper.



