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Thesis Title Polyethylene wax powder production by atomization process
Author Miss Ubonwan Madua
Major Program Chemical Engineering
Academic Year 2012
ABSTRACT

Polyethylene wax (PE wax) is byproduct of high density polyethylene (HDPE)
polymerization, with be a solid phase at room temperature. For value added and easily using, PE
wax should be sphere and the particle size smaller than 200 micron. Therefore, the purpose of this
work is to produce smaller than 200 micron of PE wax powder by atomization process. The
design and construction of a vertical atomizer was done with the dimension of 2.6 m high and
0.75 m diameter. External mixing two fluid nozzle was used. Effect of air pressure, melting
temperature and air to liquid diameter ratio (D,/D,) were studied on PE wax powder properties
(size, size distribution, shape and bulk density). Three types of PE wax such as A, B and C were
studied. Because the melting and crystallizing temperatures of three types analyzed by
Differential Scanning Calorimeters method were 110-120°C and 60-900C, respectively, the
studied conditions for atomizing PE wax were temperatures from 120-180°C, air pressures from
1-7 bars, and air to liquid diameter ratio (D,/D, ) from 3.0:0.5 to 3.0:1.5. The particle size and size
distribution were determined by Particle Sizing Unified System (Mastersizer2000). Spherical

shape of particle and size distribution can be showed by scanning electron microscope.

From the study, the air pressure plays the most effect on PE wax powder
properties. And the optimum condition was 1 bar air pressure, 140°C of melting temperature and
3.0:1.5 of D,/D,. This condition provided yield smaller than 200 micron with highest bulk

density (0.512 g/cm3) maximum at 76.33%.
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5 91.6840 | 91.1589 | 91.2003 | 91.3477+0.29"
6 91.8787 | 91.5674 | 91.4353 | 91.6271+0.22°
7 91.4842 | 91.5120 | 91.4789 | 91.4917+0.01¢"




v
A A

MINNN Y

1w J a 3 o @ 1
NY 25.1 @NUIANLEUANAT UIHUND 84.978 NTU (919)

100

g Y] a a J a H a
S ANMUAVOININR A NAUNINTYHA A lunszusnaNmaaanulTuIag

gangiveIne 3 MHITNRINO A NAULING + 1IMITNNTZUONAI
o .| anwau .
ALR | aenaung ., GEE)
- (119) 2 4 2 4 2 4 T
(DIFUBALTOE) ASIN 1 | AsaN2 | A3 | dwidnmae
1 95.2131 95.1325 | 95.1321 95.1592+0.04"
2 94.6090 94.5487 | 94.5567 94.5715i0.03rb
3 93.5898 93.6430 | 93.6210 93.6179+0.02°
3.0:1.5 180 4 92.8779 | 92.7502 | 92.8003 | 92.8095+0.06°
5 93.1643 | 93.2453 | 93.2665 | 93.2254+0.05"
6 92.6898 | 92.6985 | 92.7534 | 92.7139+0.03°
7 92.4295 | 92.4354 | 92.2356 | 92.3668+0.11'
3.0:0.5 140 1 90.4004 90.3806 | 90.3821 90.3877d:0.011f
1 93.3209 93.3602 | 93.3412 93.3408+0.01"
140 4 91.5634 91.6163 | 91.6870 | 91.6222+0.0.06°
7 91.1112 | 91.1213 | 91.0998 | 91.1108+0.01"
3.0:1.0 -
1 93.0022 | 92.9895 | 92.8990 | 92.9636+0.05
180 4 90.9304 | 90.9265 | 90.9198 | 90.9256+0.00°
7 90.0998 | 90.2049 | 90.1242 | 90.1430+0.05°

1w

A ' a 1 A
ﬂ1ﬂ\1ﬂ'§1ﬂg 9 AURNAY (n=3) £ FIUWVIAUVUNINTIIY

o A A o 1 [ =2 1 1 ] =
anysenvdeunuluuaazneayyl Hu1eD 9 llmmmmmmnamwu

Way ANOVA 11a¢ Duncan’s Multiple Range Test AANUFONU P <0.05

8 1AYAINIT One-
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4 %’ % a a Jd a { [ 1 1 a 1
M3190 V-4 NHUNVOIRINBAONAUINT YA B ‘ﬁwua:amﬁ'wammauszmnggﬂﬂm
1 1 W { A 1w J
2INIALAENDVOUAUNINY 3.0:1.5 lunszuenanaauaanidsuasminy 25.1 gnuIan

a %’ v Y
IFUALNAT UITUN 84.978 NTU

aUNYUVEINDD 3 hminraweiofiaumndiminnszuonaag
i . ANUAY .
PNAULING , (N31)

o (113) z 2 2 g o 4
(GHACHIETT)) Avan 1 | aseh2 | afeR s | dhwmidnmde

1 97.4535 97.6289 97.5123 | 97.5316+0.08"

120 4 95.5989 95.6067 95.6102 | 95.6053+0.00°

7 94.1521 94.0998 94.1323 | 94.12810.02’

1 97.1670 | 97.1523 | 97.2002 | 97.1732+0.02°

140 4 954356 | 954319 | 95.4601 | 95.4425+0.01°

7 94.4998 | 94.5102 | 94.5200 | 94.51000.01

1 97.3987 97.4089 97.4106 | 97.40610.00"

160 4 95.1232 95.0990 95.1222 | 95.1148+0.01"

7 93.9534 93.9606 93.9611 | 93.9584+0.00"

1 97.1021 97.0980 97.1110 | 97.1037+0.00°

180 4 95.5009 | 95.53243 | 95.4998 | 95.51100.01'

7 93.9800 | 94.0061 | 93.9600 | 93.9820+0.02"

1w

A >~ 1 A
ﬂ’lﬂ\?ﬂi’lﬂa A9 AUNAY (n=3) + TIUVIUVUUINTIIU

@

[ ~ A [ 1 @ 4 = (=} 1 v = o as
aﬂmaﬂ‘wmuauﬂualmmazﬂaauu NUIIDN “luummuﬁﬂmwmmuam WA One-

Way ANOVA 11a¢ Duncan’s Multiple Range Test AT P < 0.05



102

H ¥ a Q) =) { 1 4 1 1 a \
M3190 V-5 umuﬂﬂjmmwaam%ﬁumﬂcﬁﬁmﬂ C ﬁ'WH'ﬁ$i’]ﬂﬂﬁ?ﬂ@@]iTﬁ’Jui%W’ﬂﬂglﬂﬂﬂﬂ
J 1 W { = 1w J
DINIALLAENOVBDUYAUNIND 3.0:1.5 Tunszuenandmuwagnilsuiasniny 25.1 gnuIAn

a %’ v Y
IFUALNAT UITUN 84.978 NTU

gUNIvRINDa 3 hfarawedindaunnd-hminnszuenans
. . ANUAY .
ARAUIINY , GEY)

~ (113) 2 4 2 4 2 4 3 o 4

(GG RIEHT)) AT 1 | ATI2 | AW 3 | dminmag

1 97.8430 97.8233 | 97.7867 | 97.8177+0.02°

120 4 94.8464 94.8745 | 94.7889 | 94.8366+0.04°

7 92.0231 92.1005 | 91.9998 | 92.0411:0.05

1 97.9085 | 97.8997 | 97.8609 | 97.8897:0.02"

140 4 94.1039 | 94.0993 | 94.1310 | 94.1114£0.01"

7 92.5539 | 92.5465 | 92.6102 | 92.5702+0.03"

1 98.0919 | 98.1212 | 98.1233 | 98.112120.01"

160 4 95.9071 95.9102 | 96.0001 | 95.9391+0.05°

7 92.9935 92.9888 | 92.9976 | 92.9933=0.00'

1 97.7208 97.7213 | 97.6990 | 97.7137+0.01°

180 4 95.4895 95.4666 | 95.5101 | 95.4887+0.02'

7 93.275 | 93.3010 | 93.2450 | 93.2737+0.02

1w

A >~ 1 A
ﬂ’lﬂ\?ﬂi’lﬂa A9 AUNAY (n=3) + TIUVIUVUUINTIIU

@

[ ~ A [ 1 @ 4 = (=} 1 v = o as
aﬂmaﬂ‘wmuauﬂualmmazﬂaauu NUIIDN "luumm&mnmwmwuﬂm WA One-

Way ANOVA 11a¢ Duncan’s Multiple Range Test AT P < 0.05



a a d
4. f’hﬂ’J13JW§1!‘I]€NNQW®I’;1!@TIEN!!’Jﬂ“li (Porosity, €)

AANUNTUVBIINDADRAULIAFAIUINN

Tag

S

Ps
Pr

AMANUNTUUDIHIND A NAUIING

e

1 a a 4
711 Bulk density VOIHINDALONAULLINGE

1 a a 4
A1 True density VOIHINDALONAULING
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M5197 V-6 ANUHUIUUITUDLAINNUNTUVDIRINDAD A UIINGSTHA A NHuazoen

WHAzeoInIednIdIuTTHINGTlarieIMALazNeYBUHAWNINY 3.0:1.5 NAN1IZANY

GLIEEY
wea | AW
oRgu | du | " e " P Pr P °
) @ @ @) (® | (gfem) | (glem) | (g/em)
uIng | (bar)
‘O
1| 203189 | 21.4455 | 41.1522 | 41.0916 | 0.8309 | 0.8781 | 0.4474 | 0.4905
2 | 203103 | 21.6943 | 41.1936 | 41.0841 | 0.8310 | 0.9023 | 0.4164 | 0.5385
3| 203171 | 21.6514 | 41.1752 | 41.0746 | 0.8303 | 0.8980 | 0.4008 | 0.5537
120 4 | 203157 | 214111 | 41.1385 | 41.0656 | 0.8300 | 0.8892 | 0.3606 | 0.5944
5| 203148 | 21.4168 | 41.1560 | 41.0646 | 0.8300 | 0.9051 | 0.3817 | 0.5782
6 | 203155 | 21.2538 | 41.1306 | 41.0575 | 0.8297 | 0.8998 | 0.3617 | 0.5981
7 | 203131 | 21.2998 | 41.1271 | 41.0576 | 0.8298 | 0.8927 | 0.3298 | 0.6306
1| 206960 | 21.6588 | 41.1022 | 41.0087 | 0.8125 | 0.8999 | 0.4342 | 0.5235
2 | 203396 | 21.1305 | 41.0528 | 40.9782 | 0.8255 | 09115 | 0.3074 | 0.6386
3| 203169 | 20.9829 | 41.0292 | 40.9804 | 0.8265 | 0.8919 | 0.3069 | 0.6686
140 4 | 203192 | 209790 | 41.0183 | 40.9688 | 0.8260 | 0.8930 | 0.3005 | 0.6639
5| 20.3210 | 20.9658 | 41.0185 | 40.9630 | 0.8257 | 0.9034 | 0.3068 | 0.6646
6 | 20.2833 | 21.2137 | 41.2228 | 41.1242 | 0.8336 | 0.9325 | 0.2673 | 0.7000
7 | 203110 | 21.2654 | 41.1957 | 41.1066 | 0.8318 | 09175 | 0.2870 | 0.6809
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M5190 V-6 ANUHULUUITWBLAIANUNFUVDIRINOADNAUINT¥TA A NUAZEDIAY

80318991z NIg AN IMALAZNBVBUHAUMINY 3.0:1.5 NAN1IZA) (410)

guUNQN
L .| AW
woaen ) M, M M, M, P, P, P, €
Auundg () (2 () @ | (gem) | (gfem)) | (gfem)
(OC) (bar)
1 20.3180 | 21.5280 | 41.0280 | 40.9120 0.8238 09111 | 0.3609 0.5989
2 20.3100 | 21.0950 | 40.9480 | 40.9240 0.8246 0.8506 | 0.3330 0.6346
3 20.3180 | 21.0900 | 40.9760 | 40.8900 0.8229 0.9260 | 0.3167 0.6450
160 4 20.3180 | 21.1390 | 40.9600 | 40.8950 0.8231 0.8938 | 0.2871 0.6784
5 20.3150 | 21.1110 | 40.9630 | 40.8830 0.8227 0.9146 | 0.2538 0.7191
6 20.3180 | 21.1060 | 40.9790 | 40.9200 0.8241 0.8908 | 0.2649 0.7159
7 20.3140 | 21.2500 | 40.9850 | 40.9060 0.8237 0.8996 | 0.2595 0.7171
1 20.5900 | 22.1650 | 40.9410 | 40.8200 0.8092 0.8765 | 0.4056 0.5372
2 20.3070 | 21.4790 | 41.0180 | 40.9140 0.8243 0.9045 | 0.3822 0.5775
3 20.3100 | 21.3800 | 41.0580 | 40.9360 0.8250 0.9312 | 0.3442 0.6304
180 4 20.3100 | 21.7300 | 40.9790 | 40.9200 0.8244 0.8601 | 0.3120 0.6373
5 20.3100 | 21.0000 | 40.9180 | 40.8910 0.8232 0.8568 | 0.3286 0.6165
6 20.5850 | 21.1900 | 40.9360 | 40.8410 0.8102 0.9612 | 0.3082 0.6793
7 20.3400 | 21.0240 | 40.8930 | 40.8200 0.8192 0.9171 | 0.2944 0.6790
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M5190 V-7 ANUHULUUITUBLAIANUNFUVDIRINOADNAULINT TR A NNUAZEDIAY

8A31aIUTENINGAANeIMALATNOVRUHAWNINY 3.0:0.5 1Az 3.0: 1.0 NANNAULAE
PUNNNAN
gAT1dIUITHINg AN IMIALaL NV UNAANIAY 3.0:0.5
GLIEEY
|
Woalon ?T‘Ll Mo M Mls Ml p1 pp pB €
ﬁumﬂcﬁ €3] €3] (g €3] (g/em’) | (g/em’) | (g/em’)
o (bar)
(O
140 1| 203125 | 20.8718 | 41.0184 | 40.9903 | 0.8271 | 0.8709 | 0.2155 | 0.7525
PNI1TIUILHINGAAN0DIMALALNOVDUHANNINY 3.0:1.0
QUNAN
o
weaon | | M, M M, M, P, P, [oN €
AuING (2 (2 (2 (2 (g/em’) | (g/em’) | (g/em’)
R (bar)
(O
1| 203096 | 212817 | 41.0497 | 40.9752 | 0.8266 | 0.8952 | 0.3332 | 0.6278
140 4 | 203193 | 20.8054 | 41.0179 | 40.9636 | 0.8258 | 0.9296 | 0.2647 | 0.7152
7 1203065 | 20.8139 | 40.9964 | 40.9348 | 0.8251 | 0.9391 | 0.2443 | 0.7398
1| 203108 | 213382 | 41.0515 | 40.9584 | 0.8259 | 0.9082 | 0.3182 | 0.6497
180 4 | 203082 | 21.0046 | 41.0003 | 40.9490 | 0.8256 | 0.8913 | 0.2370 | 0.7341
7 1203120 | 21.0010 | 41.0186 | 40.9568 | 0.8258 | 0.9072 | 0.2058 | 0.7732
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M15190 V-8 ANUHUUUITIALAINNUNFUVDIHIND AT aUIING YT B Niuaz00IA0

80131899152 NI19g AN IMALAZNBVDAUHAUINY 3.0:1.5 NANNAUIAZYUNYTANA

guUNN
| anw
wediodl | | m, M M, M, P, P, o} €
AuLING (2) (g) (g) (g) (g/em’) | (g/em)) | (g/em’)
o (bar)
1 20.5928 | 21.5790 | 41.1376 | 41.0375 0.8178 0.9102 0.5001 0.4505
120 4 20.6289 | 21.5740 | 41.1173 | 41.0319 | 0.8161 0.8972 0.4234 0.5281
7 20.6360 | 21.4670 | 41.1214 | 41.0290 | 0.8157 0.9178 | 0.3645 0.6028
1 20.6328 | 21.7651 | 41.1169 | 41.0252 | 0.8157 0.8876 | 0.4859 0.4526
140 4 20.6213 | 21.4363 | 41.1008 | 41.0157 | 0.8158 0.9109 | 0.4169 0.5423
7 20.6276 | 21.4838 | 41.0763 | 41.0136 | 0.8154 0.8799 | 0.3798 0.5684
1 20.6664 | 21.7107 | 41.1257 | 41.0175 0.8140 0.9081 0.4951 0.4548
160 4 20.6334 | 21.4071 | 41.0656 | 41.0087 | 0.8150 0.8797 0.4039 0.5409
7 20.6325 | 21.3820 | 41.0957 | 41.0085 0.8150 0.9224 | 0.3578 0.6121
1 20.6449 | 21.5558 | 41.0864 | 41.0155 0.8148 0.8836 0.4831 0.4533
180 4 20.6241 | 21.6077 | 41.0986 | 41.0256 | 0.8161 0.8815 0.4196 0.5239
7 20.6247 | 21.4208 | 41.0814 | 41.0114 | 0.8155 0.8941 0.3587 0.5988
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M15190 V-9 ANUHULUUITUBLAIANUNFUVDIHIND AT A UIING YT C NUAZEDIAY

8013189712 NIg AN IMALAZNBVOUNAUMIAY 3.0:1.5 5 NANUAUIAZYUNYTANA

guUNN
| anw
wediodl | | m, M M, M, P, P, o} €
AuLING (2) (g) (g) (g) (g/em’) | (g/em)) | (g/em’)
o (bar)
1 20.6523 | 21.6888 | 41.0603 | 41.0047 | 0.8141 0.8602 0.5115 0.4054
120 4 20.6287 | 21.6901 | 41.0743 | 41.0122 | 0.8153 0.8660 0.3928 0.5465
7 20.6282 | 21.1271 | 41.0550 | 41.0100 | 0.8153 0.8961 0.2814 0.6398
1 20.6282 | 22.1251 | 41.1479 | 41.0009 | 0.8149 0.9036 | 0.5144 0.4307
140 4 20.6353 | 21.4888 | 41.0580 | 41.0055 | 0.8148 0.8682 | 0.3639 0.5809
7 20.6460 | 21.4073 | 41.0526 | 41.0043 | 0.8143 0.8695 | 0.3025 0.6521
1 20.6362 | 21.6633 | 41.0855 | 40.9933 0.8143 0.8946 0.5233 0.4151
160 4 20.6390 | 21.8940 | 41.0814 | 41.0024 | 0.8145 0.8693 0.4367 0.4976
7 20.6364 | 21.1894 | 41.0540 | 41.0083 0.8149 0.8883 0.3193 0.6405
1 20.6287 | 22.0090 | 41.1306 | 40.9977 | 0.8148 0.9016 0.5074 0.4372
180 4 20.6282 | 21.8468 | 41.0969 | 40.9920 | 0.8146 0.8913 0.4188 0.5302
7 20.6303 | 21.6289 | 41.1073 | 41.0049 | 0.8150 0.9081 0.3305 0.6360
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5. HAMIIUATIZHENITNIZV YU IAVDININD ADNAUUING
g’/ 1 ~ = <3 a 4
AANTT N V-10 D9 V-24 W UNITUFAINANITAATISHNITNTLIIIUUIAVD
a Aad P 9 & o a < Y ax . . 9 A
HANOADNAULINGN 1A1NNTNAADI FININTUATIEH A28 Laser diffraction 1agl4in504

Mastersizer2000 FIaaInan1s 1z nsnszaevuIaoeny luglves do.1) do.5) waz

d(0.9)

Tag  wueoUMAN d(0.1)  WUIWIIAINANVDIVUIAUBIOYNIANTB0AY 10 YDIAIDET
PIAOUNAN d(0.5)  WUIBDIAINANVDIVUIAVBIDYNIANIBUAZ 50 UDIADEIT
(Volume median diameter)

PIROUNAN d(0.9)  HUIBDIAINANVDIVUIAVBIOYNIANIBUAZ 90 UDIADEIT

. = J 3 4 9 a an Il <] 1
Yield 1894 1los1dudna ldvosnanaaonauuingnivuiamnnii 200 luasou
Tag AMuIUN

a a P <3 1 { A
SuaranedeNauLINENIVAENNI1 200 lunsounwan 1d

Yield = a aa S Y Y A 1
ﬂ%lﬂﬂﬁ/\l9@!91/]auu?ﬂ"ﬁ‘ﬂﬂ@ulm“ﬂﬁﬂ\iwuaxﬂﬂq



M519N U-10 N15NTZNIBVUIAVDIRINBAAAUIINGFIA A MiuazoIrIsgurglMIn 120 ssruwaBoa tazdasdIusyniagilanoeinis

HAZNOVYDAUNA NN 3.0:1.5 NANUAUAE

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
47.067 137.220 278.480 67.270.53° 39.983 106.715 231.614 77.96+0.84° 33.903 92.929 216.510 79.15+1.05°
1 bar 2 bar 3 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.39 120.226 7.65 1.905 0.00 15.136 0.48 120.226 7.97 1.905 0.00 15.136 0.63 120.226 7.15
2.188 0.00 17.378 0.50 138.038 8.15 2.188 0.00 17.378 0.62 138.038 7.68 2.188 0.00 17.378 0.87 138.038 6.65
2.512 0.00 19.953 0.64 158.489 8.39 2.512 0.00 19.953 0.80 158.489 7.12 2.512 0.00 19.953 1.17 158.489 597
2.884 0.00 22.909 0.82 181.970 8.26 2.884 0.00 22.909 1.06 181.970 6.30 2.884 0.00 22.909 1.57 181.970 5.13
3.311 0.00 26.303 1.05 208.930 7.71 3.311 0.00 26.303 1.40 208.930 5.27 3.311 0.00 26.303 2.06 208.930 4.20
3.802 0.00 30.200 1.34 239.883 6.67 3.802 0.00 30.200 1.85 239.883 4.09 3.802 0.00 30.200 2.65 239.883 3.19
4.365 0.00 34.674 1.70 275.422 5.22 4.365 0.00 34.674 2.43 275.422 2.81 4.365 0.00 34.674 3.34 275.422 2.17
5.012 0.00 39.811 2.14 316.228 3.45 5.012 0.00 39.811 3.13 316.228 1.71 5.012 0.01 39.811 4.09 316.228 1.12
5.754 0.00 45.700 2.66 363.078 1.65 5.754 0.01 45.700 3.94 363.078 0.16 5.754 0.07 45.700 4.87 363.078 0.43
6.607 0.04 52.481 3.26 416.869 0.16 6.607 0.08 52.481 4.81 416.869 0.00 6.607 0.09 52.481 5.64 416.869 0.06
7.586 0.08 60.256 3.94 478.630 0.00 7.586 0.12 60.256 5.69 478.630 0.00 7.586 0.13 60.256 6.34 478.630 0.00
8.710 0.12 69.183 4.67 549.541 0.00 8.710 0.17 69.183 6.51 549.541 0.00 8.710 0.17 69.183 6.92 549.541 0.00
10.000 0.17 79.433 5.45 630.957 0.00 10.000 0.22 79.433 7.21 630.957 0.00 10.000 0.24 79.433 7.32 630.957 0.00
11.482 0.22 91.201 6.23 724.436 0.00 11.482 0.29 91.201 7.71 724.436 0.00 11.482 0.34 91.201 7.50 724.436 0.00
13.183 0.30 104.713 6.99 831.764 0.00 13.183 0.38 104.713 7.98 831.764 0.00 13.183 0.46 104.713 7.44 831.764 0.00

601



M5190 U-10 N15NTZNIBVUIAVDIRINBAAAUIINGFIA A MiuazoeIrIsgurglMIny 120 ssruwaBoa nazdasdIusynigilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
31.311 79.344 174.946 86.16:0.86" 29.159 66.496 141.826 88.0620.68" 26.084 67.450 138.690 89.38+0.36"
4 bar 5 bar 6 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.70 120.226 6.79 1.905 0.00 15.136 0.75 120.226 5.12 1.905 0.00 15.136 1.11 120.226 6.20
2.188 0.00 17.378 0.97 138.038 5.86 2.188 0.00 17.378 1.13 138.038 3.80 2.188 0.00 17.378 1.53 138.038 4.82
2.512 0.00 19.953 1.33 158.489 4.84 2.512 0.00 19.953 1.67 158.489 2.64 2.512 0.00 19.953 2.04 158.489 3.28
2.884 0.00 22.909 1.82 181.970 3.77 2.884 0.01 22.909 2.39 181.970 1.70 2.884 0.02 22.909 2.67 181.970 1.69
3.311 0.00 26.303 2.44 208.930 2.72 3.311 0.02 26.303 3.29 208.930 1.05 3.311 0.03 26.303 3.41 208.930 0.40
3.802 0.00 30.200 3.20 239.883 1.65 3.802 0.04 30.200 435 239.883 0.64 3.802 0.05 30.200 423 239.883 0.00
4.365 0.02 34.674 4.08 275.422 0.57 4.365 0.05 34.674 5.51 275.422 0.42 4.365 0.08 34.674 5.12 275.422 0.00
5.012 0.08 39.811 5.04 316.228 0.02 5.012 0.07 39.811 6.67 316.228 0.29 5.012 0.09 39.811 6.01 316.228 0.00
5.754 0.10 45.700 6.00 363.078 0.00 5.754 0.08 45.700 7.70 363.078 0.22 5.754 0.12 45.700 6.86 363.078 0.00
6.607 0.14 52.481 6.88 416.869 0.00 6.607 0.10 52.481 8.49 416.869 0.07 6.607 0.15 52.481 7.58 416.869 0.00
7.586 0.18 60.256 7.58 478.630 0.00 7.586 0.13 60.256 8.92 478.630 0.01 7.586 0.21 60.256 8.13 478.630 0.00
8.710 0.24 69.183 8.04 549.541 0.00 8.710 0.17 69.183 8.93 549.541 0.00 8.710 0.29 69.183 8.41 549.541 0.00
10.000 0.30 79.433 8.19 630.957 0.00 10.000 0.23 79.433 8.47 630.957 0.00 10.000 0.41 79.433 8.39 630.957 0.00
11.482 0.39 91.201 8.01 724.436 0.00 11.482 0.33 91.201 7.61 724.436 0.00 11.482 0.57 91.201 8.02 724.436 0.00
13.183 0.52 104.713 7.53 831.764 0.00 13.183 0.49 104.713 6.44 831.764 0.00 13.183 0.80 104.713 7.28 831.764 0.00

0Ll



M5190 U-10 N15NTZNIBVUIAVDIRINBAAAUIINGFIA A MiuazoeIrIsgurglMIny 120 ssruwaBoa nazdasdIusynigilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
25.101 66.566 153.836 88.34+0.89"
7 bar
Size Volume Size Volume Size Volume

(nm) (%) (nm) (%) (nm) (%)
1.905 0.00 15.136 118 | 120.226 | 5.60

2.188 0.00 17.378 1.61 138.038 4.71

2.512 0.00 19.953 2.16 158.489 3.76

2.884 0.03 22.909 2.83 181.970 2.76

3.311 0.05 26.303 3.59 208.930 1.76

3.802 0.08 30.200 4.43 239.883 0.76

4.365 0.12 34.674 5.28 275.422 0.02

5.012 0.13 39.811 6.09 316.228 0.00

5.754 0.16 45.700 6.79 363.078 0.00

6.607 0.20 52.481 7.31 416.869 0.00

7.586 0.25 60.256 7.61 478.630 0.00

8.710 0.33 69.183 7.66 549.541 0.00

10.000 0.45 79.433 7.45 630.957 0.00

11.482 0.61 91.201 7.01 724.436 0.00

13.183 0.85 104.713 6.37 831.764 0.00

I11



M519N U-11 N5NTLNBVUIAVDIRINBAAAUIINGFIA A MiuazoeIrIsguvglMIn 140 ssruwafoa tazdasdIusynigilanoeinis

HAZNOVYDAUNA NN 3.0:1.5 NANUAUAE

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
42.302 112.310 232.772 76.33£0.77° 20.298 45.957 91.445 89.27+1.00° 24.32 56.262 117.299 89.99+0.01°
1 bar 2 bar 3 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.40 120.226 8.39 1.905 0.00 15.136 2.03 120.226 1.78 1.905 0.00 15.136 1.26 120.226 4.01
2.188 0.00 17.378 0.53 138.038 8.26 2.188 0.03 17.378 2.90 138.038 0.39 2.188 0.00 17.378 1.85 138.038 2.79
2.512 0.00 19.953 0.72 158.489 7.77 2.512 0.10 19.953 3.92 158.489 0.00 2.512 0.01 19.953 2.61 158.489 1.72
2.884 0.00 22.909 0.97 181.970 6.90 2.884 0.13 22.909 5.08 181.970 0.00 2.884 0.05 22.909 3.54 181.970 0.64
3.311 0.00 26.303 1.29 208.930 5.74 3.311 0.16 26.303 6.28 208.930 0.00 3.311 0.07 26.303 4.60 208.930 0.00
3.802 0.00 30.200 1.71 239.883 4.35 3.802 0.17 30.200 7.41 239.883 0.00 3.802 0.09 30.200 5.73 239.883 0.00
4.365 0.00 34.674 2.24 275.422 2.90 4.365 0.17 34.674 8.36 275.422 0.00 4.365 0.10 34.674 6.83 275.422 0.00
5.012 0.00 39.811 2.87 316.228 1.50 5.012 0.16 39.811 9.01 316.228 0.00 5.012 0.11 39.811 7.79 316.228 0.00
5.754 0.00 45.700 3.60 363.078 0.12 5.754 0.16 45.700 9.26 363.078 0.00 5.754 0.12 45.700 8.49 363.078 0.00
6.607 0.05 52.481 4.42 416.869 0.00 6.607 0.18 52.481 9.06 416.869 0.00 6.607 0.15 52.481 8.85 416.869 0.00
7.586 0.09 60.256 5.29 478.630 0.00 7.586 0.23 60.256 8.42 478.630 0.00 7.586 0.18 60.256 8.81 478.630 0.00
8.710 0.13 69.183 6.18 549.541 0.00 8.710 0.35 69.183 7.40 549.541 0.00 8.710 0.25 69.183 8.36 549.541 0.00
10.000 0.17 79.433 7.01 630.957 0.00 10.000 0.55 79.433 6.11 630.957 0.00 10.000 0.36 79.433 7.54 630.957 0.00
11.482 0.23 91.201 7.70 724.436 0.00 11.482 0.88 91.201 4.70 724.436 0.00 11.482 0.55 91.201 6.47 724.436 0.00
13.183 0.30 104.713 8.19 831.764 0.00 13.183 1.37 104.713 3.23 831.764 0.00 13.183 0.84 104.713 5.25 831.764 0.00
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M519N U-11 N5NTLNBVUIAVDIRINBAAAUIINGFIA A MiuazoeIrIsguvglMIn 140 ssruwafoa tazdasdIusynigilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
21.968 52.431 109.662 89.49+0.72° 21.573 56.634 128.622 89.67+0.46" 19.421 46.369 94.962 88.60+1.64"
4 bar 5 bar 6 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 1.68 120.226 3.43 1.905 0.00 15.136 1.76 120.226 3.57 1.905 0.00 15.136 2.17 120.226 2.24
2.188 0.00 17.378 2.34 138.038 2.26 2.188 0.00 17.378 2.28 138.038 3.36 2.188 0.03 17.378 2.96 138.038 0.82
2.512 0.01 19.953 3.14 158.489 1.15 2.512 0.00 19.953 2.90 158.489 1.40 2.512 0.08 19.953 3.89 158.489 0.12
2.884 0.05 22.909 4.08 181.970 0.21 2.884 0.01 22.909 3.62 181.970 0.74 2.884 0.11 22.909 4.94 181.970 0.00
3.311 0.07 26.303 5.10 208.930 0.00 3.311 0.02 26.303 4.42 208.930 0.39 3.311 0.14 26.303 6.02 208.930 0.00
3.802 0.08 30.200 6.16 239.883 0.00 3.802 0.03 30.200 5.29 239.883 0.27 3.802 0.15 30.200 7.06 239.883 0.00
4.365 0.09 34.674 7.15 275.422 0.00 4.365 0.06 34.674 6.17 275.422 0.32 4.365 0.17 34.674 7.95 275.422 0.00
5.012 0.11 39.811 7.98 316.228 0.00 5.012 0.09 39.811 7.01 316.228 0.47 5.012 0.18 39.811 8.58 316.228 0.00
5.754 0.14 45.700 8.55 363.078 0.00 5.754 0.14 45.700 7.69 363.078 0.65 5.754 0.21 45.700 8.87 363.078 0.00
6.607 0.18 52.481 8.76 416.869 0.00 6.607 0.22 52.481 8.13 416.869 0.72 6.607 0.26 52.481 8.75 416.869 0.00
7.586 0.25 60.256 8.56 478.630 0.00 7.586 0.33 60.256 8.23 478.630 0.67 7.586 0.35 60.256 8.23 478.630 0.00
8.710 0.37 69.183 7.98 549.541 0.00 8.710 0.49 69.183 7.92 549.541 0.29 8.710 0.50 69.183 7.34 549.541 0.00
10.000 0.54 79.433 7.05 630.957 0.00 10.000 0.70 79.433 7.21 630.957 0.07 10.000 0.73 79.433 6.16 630.957 0.00
11.482 0.81 91.201 5.90 724.436 0.00 11.482 0.98 91.201 6.16 724.436 0.00 11.482 1.07 91.201 4.87 724.436 0.00
13.183 1.18 104.713 4.65 831.764 0.00 13.183 1.33 104.713 4.89 831.764 0.00 13.183 1.55 104.713 3.51 831.764 0.00
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M519N U-11 N5NTLNBVUIAVDIRINBAAAUIINGFIA A MiuazoeIrIsguvglMIn 140 ssruwafoa tazdasdIusynigilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
22.309 52.797 108.677 90.00:£0.00"
7 bar
Size Volume Size Volume Size Volume

(um) (%) (um) (%) (um) (%)

1.905 0.00 15.136 1.60 120.226 3.37

2.188 0.00 17.378 2.23 138.038 2.08

2.512 0.03 19.953 3.02 158.489 0.98

2.884 0.07 22.909 3.96 181.970 0.29

3.311 0.08 26.303 5.01 208.930 0.00

3.802 0.09 30.200 6.11 239.883 0.00

4.365 0.10 34.674 7.16 275.422 0.00

5.012 0.11 39.811 8.05 316.228 0.00

5.754 0.13 45.700 8.68 363.078 0.00

6.607 0.17 52.481 8.93 416.869 0.00

7.586 0.24 60.256 8.75 478.630 0.00

8.710 0.35 69.183 8.15 549.541 0.00

10.000 0.52 79.433 7.19 630.957 0.00

11.482 0.77 91.201 5.99 724.436 0.00

13.183 1.12 104.713 4.66 831.764 0.00

148
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HAZNOVYDAUNA NN 3.0:1.5 NANUAUAE

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
24.284 64.373 149.265 87.27+1.02° 23.006 55.703 119.891 89.03+1.13" 21.543 52.421 120.645 87.31£0.47"
1 bar 2 bar 3 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 1.36 120.226 5.34 1.905 0.00 15.136 1.51 120.226 4.11 1.905 0.00 15.136 1.73 120.226 3.05
2.188 0.00 17.378 1.84 138.038 4.42 2.188 0.00 17.378 2.11 138.038 2.95 2.188 0.00 17.378 2.42 138.038 1.99
2.512 0.00 19.953 2.42 158.489 3.48 2.512 0.02 19.953 2.86 158.489 1.84 2.512 0.06 19.953 3.24 158.489 1.14
2.884 0.02 22.909 3.10 181.970 2.52 2.884 0.06 22.909 3.73 181.970 0.81 2.884 0.10 22.909 4.19 181.970 0.55
3.311 0.03 26.303 3.86 208.930 1.57 3.311 0.07 26.303 4.70 208.930 0.20 3.311 0.12 26.303 5.19 208.930 0.25
3.802 0.05 30.200 4.66 239.883 0.61 3.802 0.08 30.200 5.71 239.883 0.00 3.802 0.13 30.200 6.17 239.883 0.18
4.365 0.07 34.674 5.47 275.422 0.01 4.365 0.09 34.674 6.68 275.422 0.00 4.365 0.13 34.674 7.06 275.422 0.29
5.012 0.08 39.811 6.23 316.228 0.00 5.012 0.10 39.811 7.52 316.228 0.00 5.012 0.14 39.811 7.75 316.228 0.49
5.754 0.10 45.700 6.89 363.078 0.00 5.754 0.11 45.700 8.13 363.078 0.00 5.754 0.16 45.700 8.17 363.078 0.66
6.607 0.14 52.481 7.37 416.869 0.00 6.607 0.15 52.481 8.44 416.869 0.00 6.607 0.18 52.481 8.26 416.869 0.70
7.586 0.21 60.256 7.63 478.630 0.00 7.586 0.21 60.256 8.39 478.630 0.00 7.586 0.24 60.256 8.00 478.630 0.62
8.710 0.31 69.183 7.63 549.541 0.00 8.710 0.31 69.183 7.99 549.541 0.00 8.710 0.35 69.183 7.40 549.541 0.17
10.000 0.47 79.433 7.37 630.957 0.00 10.000 0.47 79.433 7.29 630.957 0.00 10.000 0.53 79.433 6.52 630.957 0.00
11.482 0.68 91.201 6.87 724.436 0.00 11.482 0.71 91.201 6.35 724.436 0.00 11.482 0.81 91.201 5.43 724.436 0.00
13.183 0.98 104.713 6.17 831.764 0.00 13.183 1.05 104.713 5.26 831.764 0.00 13.183 1.20 104.713 423 831.764 0.00
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M519N U-12 N5NTLNBVUIAVDIRINBAAAUIINGFIA A MiuazoIrIsgunglMIny 160 ssruwaBed tazdasdIusynIngilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
18.040 39.145 78.385 87.45+0.98" 16.323 34.682 67.399 90.00:£0.00" 24.384 65.477 155.295 87.89+0.63"
4 bar 5 bar 6 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.92 120.226 4.57 1.905 0.00 15.136 1.65 120.226 4.10 1.905 0.00 15.136 1.71 120.226 7.93
2.188 0.00 17.378 1.39 138.038 3.04 2.188 0.00 17.378 222 138.038 3.05 2.188 0.00 17.378 1.98 138.038 7.60
2.512 0.02 19.953 2.04 158.489 1.71 2.512 0.02 19.953 2.90 158.489 2.13 2.512 0.00 19.953 2.20 158.489 6.83
2.884 0.05 22.909 2.88 181.970 0.78 2.884 0.06 22.909 3.68 181.970 1.39 2.884 0.00 22.909 2.37 181.970 5.65
3.311 0.06 26.303 3.90 208.930 0.10 3.311 0.08 26.303 4.53 208.930 0.86 3.311 0.00 26.303 2.51 208.930 4.19
3.802 0.09 30.200 5.06 239.883 0.00 3.802 0.09 30.200 5.41 239.883 0.52 3.802 0.00 30.200 2.65 239.883 2.58
4.365 0.13 34.674 6.27 275.422 0.00 4.365 0.10 34.674 6.25 275.422 0.34 4.365 0.00 34.674 2.84 275.422 0.94
5.012 0.15 39.811 7.42 316.228 0.00 5.012 0.12 39.811 6.99 316.228 0.23 5.012 0.00 39.811 3.13 316.228 0.03
5.754 0.17 45.700 8.38 363.078 0.00 5.754 0.15 45.700 7.56 363.078 0.16 5.754 0.08 45.700 3.58 363.078 0.00
6.607 0.19 52.481 9.03 416.869 0.00 6.607 0.20 52.481 7.89 416.869 0.04 6.607 0.22 52.481 4.18 416.869 0.00
7.586 0.21 60.256 9.27 478.630 0.00 7.586 0.28 60.256 791 478.630 0.00 7.586 0.37 60.256 4.94 478.630 0.00
8.710 0.24 69.183 9.04 549.541 0.00 8.710 0.40 69.183 7.63 549.541 0.00 8.710 0.57 69.183 5.78 549.541 0.00
10.000 0.30 79.433 8.35 630.957 0.00 10.000 0.59 79.433 7.03 630.957 0.00 10.000 0.83 79.433 6.62 630.957 0.00
11.482 0.41 91.201 7.29 724.436 0.00 11.482 0.84 91.201 6.20 724.436 0.00 11.482 1.11 91.201 7.34 724.436 0.00
13.183 0.61 104.713 597 831.764 0.00 13.183 1.19 104.713 5.18 831.764 0.00 13.183 1.42 104.713 7.82 831.764 0.00
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M519N U-12 N5NTLNBVUIAVDIRINBAAAUIINGFIA A MiuazoIrIsgunglMIny 160 ssruwaBed tazdasdIusynIngilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
27.307 68.442 155.176 86.69+0.02°
7 bar
Size Volume Size Volume Size Volume

(um) (%) (um) (%) (um) (%)

1.905 0.00 15.136 1.78 120.226 4.44

2.188 0.00 17.378 2.30 138.038 3.43

2.512 0.02 19.953 291 158.489 2.51

2.884 0.06 22.909 3.60 181.970 1.71

3.311 0.08 26.303 4.35 208.930 0.99

3.802 0.09 30.200 5.12 239.883 0.37

4.365 0.11 34.674 5.88 275.422 0.25

5.012 0.15 39.811 6.57 316.228 0.19

5.754 0.20 45.700 7.13 363.078 0.11

6.607 0.27 52.481 7.50 416.869 0.03

7.586 0.38 60.256 7.61 478.630 0.00

8.710 0.53 69.183 7.45 549.541 0.00

10.000 0.74 79.433 7.01 630.957 0.00

11.482 1.01 91.201 6.32 724.436 0.00

13.183 1.36 104.713 5.42 831.764 0.00

L11



M519N U-13 NM5NTZNBVUIAVDIRINBAAALIINGFIA A NiuazoeIdIsgurglMIny 180 ssruwaBed tazdasdIusznIgilanoeinis

HAZNOVYDAUNA NN 3.0:1.5 NANUAUAE

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
30.879 78.117 188.11 82.80+0.79° 29.396 77.957 149.813 88.9240.84™ 24.633 59.319 122.144 89.77+0.32°
1 bar 2 bar 3 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.73 120.226 6.16 1.905 0.00 15.136 0.92 120.226 7.82 1.905 0.00 15.136 1.20 120.226 4.58
2.188 0.00 17.378 1.02 138.038 5.29 2.188 0.00 17.378 1.18 138.038 6.35 2.188 0.00 17.378 1.70 138.038 3.27
2.512 0.00 19.953 1.41 158.489 4.40 2.512 0.00 19.953 1.50 158.489 4.55 2.512 0.00 19.953 2.35 158.489 2.03
2.884 0.00 22.909 1.93 181.970 3.53 2.884 0.00 22.909 1.91 181.970 2.50 2.884 0.02 22.909 3.16 181.970 0.72
3.311 0.00 26.303 2.59 208.930 2.74 3.311 0.00 26.303 2.43 208.930 0.57 3.311 0.07 26.303 4.11 208.930 0.00
3.802 0.00 30.200 3.38 239.883 2.02 3.802 0.00 30.200 3.08 239.883 0.00 3.802 0.10 30.200 5.15 239.883 0.00
4.365 0.03 34.674 4.29 275.422 1.40 4.365 0.01 34.674 3.86 275.422 0.00 4.365 0.11 34.674 6.22 275.422 0.00
5.012 0.06 39.811 5.24 316.228 0.84 5.012 0.06 39.811 4.78 316.228 0.00 5.012 0.14 39.811 7.23 316.228 0.00
5.754 0.08 45.700 6.17 363.078 0.35 5.754 0.11 45.700 5.78 363.078 0.00 5.754 0.16 45.700 8.06 363.078 0.00
6.607 0.11 52.481 6.96 416.869 0.03 6.607 0.16 52.481 6.81 416.869 0.00 6.607 0.19 52.481 8.62 416.869 0.00
7.586 0.15 60.256 7.55 478.630 0.00 7.586 0.23 60.256 7.79 478.630 0.00 7.586 0.24 60.256 8.83 478.630 0.00
8.710 0.21 69.183 7.85 549.541 0.00 8.710 0.32 69.183 8.58 549.541 0.00 8.710 0.31 69.183 8.62 549.541 0.00
10.000 0.29 79.433 7.83 630.957 0.00 10.000 0.43 79.433 9.08 630.957 0.00 10.000 0.42 79.433 8.02 630.957 0.00
11.482 0.39 91.201 7.51 724.436 0.00 11.482 0.56 91.201 9.17 724.436 0.00 11.482 0.59 91.201 7.07 724.436 0.00
13.183 0.53 104.713 6.93 831.764 0.00 13.183 0.72 104.713 8.76 831.764 0.00 13.183 0.84 104.713 5.87 831.764 0.00
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M519N U-13 NM5NTZNBVUIAVDIRINBAAALIINGFIA A NiuazoeIdIsgurglMIny 180 ssruwaBed tazdasdIusznIgilanoeinis

HAZNOVYDAUNAWNIND 3.0:1.5 NANUAUANE (70)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
26.467 60.347 120.82 89.54+0.58" 22.016 56.970 131.702 88.0240.02° 22.235 92.863 196.873 88.613+1.31°
4 bar 5 bar 6 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(nm) (%) (pm) (%) (pm) (%) (pm) (%) (nm) (%) (nm) (%) (nm) (%) (nm) (%) (pm) (%)
1.905 0.00 15.136 0.92 120.226 4.57 1.905 0.00 15.136 1.65 120.226 4.10 1.905 0.00 15.136 1.71 120.226 7.93
2.188 0.00 17.378 1.39 138.038 3.04 2.188 0.00 17.378 222 138.038 3.05 2.188 0.00 17.378 1.98 138.038 7.60
2.512 0.02 19.953 2.04 158.489 1.71 2.512 0.02 19.953 2.90 158.489 2.13 2.512 0.00 19.953 2.20 158.489 6.83
2.884 0.05 22.909 2.88 181.970 0.78 2.884 0.06 22.909 3.68 181.970 1.39 2.884 0.00 22.909 2.37 181.970 5.65
3.311 0.06 26.303 3.90 208.930 0.10 3.311 0.08 26.303 4.53 208.930 0.86 3.311 0.00 26.303 2.51 208.930 4.19
3.802 0.09 30.200 5.06 239.883 0.00 3.802 0.09 30.200 5.41 239.883 0.52 3.802 0.00 30.200 2.65 239.883 2.58
4.365 0.13 34.674 6.27 275.422 0.00 4.365 0.10 34.674 6.25 275.422 0.34 4.365 0.00 34.674 2.84 275.422 0.94
5.012 0.15 39.811 7.42 316.228 0.00 5.012 0.12 39.811 6.99 316.228 0.23 5.012 0.00 39.811 3.13 316.228 0.03
5.754 0.17 45.700 8.38 363.078 0.00 5.754 0.15 45.700 7.56 363.078 0.16 5.754 0.08 45.700 3.58 363.078 0.00
6.607 0.19 52.481 9.03 416.869 0.00 6.607 0.20 52.481 7.89 416.869 0.04 6.607 0.22 52.481 4.18 416.869 0.00
7.586 0.21 60.256 9.27 478.630 0.00 7.586 0.28 60.256 791 478.630 0.00 7.586 0.37 60.256 4.94 478.630 0.00
8.710 0.24 69.183 9.04 549.541 0.00 8.710 0.40 69.183 7.63 549.541 0.00 8.710 0.57 69.183 5.78 549.541 0.00
10.000 0.30 79.433 8.35 630.957 0.00 10.000 0.59 79.433 7.03 630.957 0.00 10.000 0.83 79.433 6.62 630.957 0.00
11.482 0.41 91.201 7.29 724.436 0.00 11.482 0.84 91.201 6.20 724.436 0.00 11.482 1.11 91.201 7.34 724.436 0.00
13.183 0.61 104.713 597 831.764 0.00 13.183 1.19 104.713 5.18 831.764 0.00 13.183 1.42 104.713 7.82 831.764 0.00

611
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NOVBAURAAMAY 3.0:1.5 NANWAUAN (A1D)

d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
20.900 57.933 136.090 87.84+0.55"
7 bar
Size Volume Size Volume Size Volume

(um) (%) (um) (%) (um) (%)

1.905 0.00 15.136 1.78 120.226 4.44

2.188 0.00 17.378 2.30 138.038 3.43

2.512 0.02 19.953 291 158.489 2.51

2.884 0.06 22.909 3.60 181.970 1.71

3.311 0.08 26.303 4.35 208.930 0.99

3.802 0.09 30.200 5.12 239.883 0.37

4.365 0.11 34.674 5.88 275.422 0.25

5.012 0.15 39.811 6.57 316.228 0.19

5.754 0.20 45.700 7.13 363.078 0.11

6.607 0.27 52.481 7.50 416.869 0.03

7.586 0.38 60.256 7.61 478.630 0.00

8.710 0.53 69.183 7.45 549.541 0.00

10.000 0.74 79.433 7.01 630.957 0.00

11.482 1.01 91.201 6.32 724.436 0.00

13.183 1.36 104.713 5.42 831.764 0.00

0Tl
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VOUHAANINY 3.0:0.5 NANUAY 1 ‘]J”Ig

d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
11.057 33.342 139.056 84.78+0.63"
1 bar
Size Volume Size Volume Size Volume Size Volume
@m) | %) | @m) | %) | @m) | (%) (um) (%)

1.660 0.05 13.183 4.08 104.713 2.35 831.764 0.49

1.905 0.11 15.136 4.70 120.226 1.96 954.993 0.49

2.188 0.15 17.378 5.24 138.038 1.59 1096.478 0.49

2.512 0.18 19.953 5.64 158.489 1.25 1258.925 0.47

2.884 0.21 22.909 5.90 181.970 0.93 1445.44 0.40

3.311 0.24 26.303 5.98 208.930 0.65 1695.587 0.25

3.802 0.30 30.200 5.89 239.883 0.41 1905.461 0.06

4.365 0.41 34.674 5.66 275.422 0.20

5.012 0.58 39.811 5.32 316.228 0.14

5.754 0.84 45.700 4.92 363.078 0.21

6.607 1.19 52.481 4.48 416.869 0.30

7.586 1.63 60.256 4.04 478.630 0.38

8.710 2.16 69.183 3.60 549.541 0.44

10.000 2.77 79.433 3.17 630.957 0.47

11.482 3.42 91.201 2.76 724.436 0.48

Icl
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VOUHAANINY 3.0:1.0 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
17.416 48.627 132.628 88.21£0.33" 12.262 26.924 62.438 88.65+1.17" 17.633 45.474 130.606 82.81+0.73"
1 bar 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 2.76 120.226 3.69 1.905 0.00 15.136 6.51 120.226 0.49 1.905 0.00 15.136 2.70 120.226 1.60
2.188 0.06 17.378 3.45 138.038 3.05 2.188 0.00 17.378 7.48 138.038 0.33 2.188 0.04 17.378 3.48 138.038 0.73
2.512 0.08 19.953 4.16 158.489 2.43 2.512 0.00 19.953 8.20 158.489 0.22 2.512 0.09 19.953 432 158.489 0.17
2.884 0.09 22.909 4.86 181.970 1.79 2.884 0.00 22.909 8.58 181.970 0.13 2.884 0.11 22.909 5.19 181.970 0.00
3.311 0.09 26.303 5.49 208.930 1.17 3.311 0.00 26.303 8.58 208.930 0.04 3.311 0.12 26.303 6.02 208.930 0.00
3.802 0.09 30.200 6.02 239.883 0.55 3.802 0.00 30.200 8.19 239.883 0.05 3.802 0.12 30.200 6.74 239.883 0.00
4.365 0.09 34.674 6.42 275.422 0.01 4.365 0.04 34.674 7.48 275.422 0.07 4.365 0.13 34.674 7.28 275.422 0.08
5.012 0.12 39.811 6.65 316.228 0.00 5.012 0.15 39.811 6.52 316.228 0.09 5.012 0.16 39.811 7.58 316.228 0.34
5.754 0.19 45.700 6.71 363.078 0.00 5.754 0.39 45.700 5.43 363.078 0.11 5.754 0.21 45.700 7.58 363.078 0.08
6.607 0.30 52.481 6.60 416.869 0.00 6.607 0.80 52.481 4.32 416.869 0.11 6.607 0.31 52.481 7.28 416.869 1.50
7.586 0.49 60.256 6.35 478.630 0.00 7.586 1.40 60.256 3.29 478.630 0.09 7.586 0.47 60.256 6.70 478.630 2.10
8.710 0.76 69.183 5.96 549.541 0.00 8.710 2.18 69.183 2.39 549.541 0.03 8.710 0.70 69.183 5.87 549.541 2.63
10.000 1.12 79.433 5.48 630.957 0.00 10.000 3.16 79.433 1.66 630.957 0.00 10.000 1.03 79.433 4.85 630.957 1.12
11.482 1.57 91.201 4.92 724.436 0.00 11.482 4.24 91.201 1.12 724.436 0.00 11.482 1.47 91.201 3.74 724.436 0.00
13.183 2.13 104.713 431 831.764 0.00 13.183 5.40 104.713 0.74 831.764 0.00 13.183 2.03 104.713 2.62 831.764 0.00

14!
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VOUHAANINY 3.0:1.0 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
29.615 66.797 138.22 83.7840.59" 22.122 50.142 100.929 88.64+1.85" 18.664 44.693 98.698 89.21+0.6"
1 bar 4 bar 7 bar
Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume

(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.71 120.226 5.41 1.905 0.00 15.136 1.59 120.226 2.73 1.905 0.00 15.136 0.76 120.226 7.73
2.188 0.00 17.378 1.07 138.038 4.12 2.188 0.00 17.378 2.33 138.038 1.43 2.188 0.00 17.378 0.88 138.038 5.43
2.512 0.00 19.953 1.59 158.489 2.94 2.512 0.04 19.953 3.25 158.489 0.37 2.512 0.00 19.953 1.06 158.489 2.77
2.884 0.00 22.909 2.31 181.970 1.87 2.884 0.10 22.909 434 181.970 0.00 2.884 0.00 22.909 1.37 181.970 0.40
3.311 0.02 26.303 3.21 208.930 0.91 3.311 0.14 26.303 5.53 208.930 0.00 3.311 0.00 26.303 1.85 208.930 0.00
3.802 0.04 30.200 4.29 239.883 0.19 3.802 0.16 30.200 6.72 239.883 0.00 3.802 0.00 30.200 2.56 239.883 0.00
4.365 0.05 34.674 5.47 275.422 0.01 4.365 0.17 34.674 7.79 275.422 0.00 4.365 0.02 34.674 3.53 275.422 0.00
5.012 0.07 39.811 6.67 316.228 0.00 5.012 0.17 39.811 8.62 316.228 0.00 5.012 0.09 39.811 4.77 316.228 0.00
5.754 0.08 45.700 7.75 363.078 0.00 5.754 0.17 45.700 9.10 363.078 0.00 5.754 0.16 45.700 6.19 363.078 0.00
6.607 0.10 52.481 8.58 416.869 0.00 6.607 0.18 52.481 9.16 416.869 0.00 6.607 0.23 52.481 7.70 416.869 0.00
7.586 0.12 60.256 9.05 478.630 0.00 7.586 0.21 60.256 8.78 478.630 0.00 7.586 0.32 60.256 9.09 478.630 0.00
8.710 0.16 69.183 9.08 549.541 0.00 8.710 0.28 69.183 7.98 549.541 0.00 8.710 0.42 69.183 10.17 549.541 0.00
10.000 0.22 79.433 8.65 630.957 0.00 10.000 0.42 79.433 6.85 630.957 0.00 10.000 0.51 79.433 10.70 630.957 0.00
11.482 0.31 91.201 7.82 724.436 0.00 11.482 0.66 91.201 5.54 724.436 0.00 11.482 0.59 91.201 10.50 724.436 0.00
13.183 0.47 104.713 6.68 831.764 0.00 13.183 1.04 104.713 4.13 831.764 0.00 13.183 0.67 104.713 9.52 831.764 0.00

ecl



M3191 ¥-17 M15032NPVUIAVDIRINDAIRAALIINTHIA B iHuazeeideguugiiminy 120 esmusaifod das1diuszninagillaneeinisiaz o

VOUHAANINY 3.0:1.5 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
42.078 141.244 336.853 62.89+0.95° 23.949 78.893 188.108 83.45+0.7" 20.245 64.773 160.932 86.17£0.71°
1 bar 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.66 0.00 13.183 0.46 104.713 6.07 1.66 0.00 13.183 1.14 104.713 6.84 1.66 0.00 13.183 1.45 104.713 6.00
1.905 0.00 15.136 0.58 120.226 6.42 1.905 0.00 15.136 1.43 120.226 6.52 1.905 0.00 15.136 1.81 120.226 5.32
2.188 0.00 17.378 0.72 138.038 6.67 2.188 0.00 17.378 1.75 138.038 6.00 2.188 0.00 17.378 222 138.038 4.54
2.512 0.00 19.953 0.87 158.489 6.78 2.512 0.00 19.953 2.11 158.489 5.30 2.512 0.02 19.953 2.66 158.489 3.73
2.884 0.00 22.909 1.05 181.970 6.76 2.884 0.00 22.909 2.50 181.970 4.42 2.884 0.07 22.909 3.16 181.970 291
3.311 0.00 26.303 1.26 208.930 6.59 3.311 0.00 26.303 2.93 208.930 3.39 3.311 0.08 26.303 3.69 208.930 2.09
3.802 0.00 30.200 1.53 239.883 6.24 3.802 0.02 30.200 3.42 239.883 2.23 3.802 0.10 30.200 4.27 239.883 1.27
4.365 0.00 34.674 1.85 275.422 5.70 4.365 0.04 34.674 3.95 275.422 1.06 4.365 0.12 34.674 4.87 275.422 0.43
5.012 0.00 39.811 2.25 316.228 491 5.012 0.07 39.811 4.53 316.228 0.05 5.012 0.17 39.811 5.48 316.228 0.01
5.754 0.00 45.700 2.73 363.078 3.87 5.754 0.14 45.700 5.14 363.078 0.00 5.754 0.24 45.700 6.05 363.078 0.00
6.607 0.01 52.481 3.27 416.869 2.63 6.607 0.21 52.481 5.73 416.869 0.00 6.607 0.33 52.481 6.53 416.869 0.00
7.586 0.06 60.256 3.86 478.630 0.94 7.586 0.32 60.256 6.25 478.630 0.00 7.586 0.47 60.256 6.85 478.630 0.00
8.710 0.17 69.183 4.47 549.541 0.01 8.710 0.47 69.183 6.65 549.541 0.00 8.710 0.65 69.183 6.97 549.541 0.00
10.000 0.25 79.433 5.07 630.957 0.00 10.000 0.66 79.433 6.90 630.957 0.00 10.000 0.87 79.433 6.87 630.957 0.00
11.482 0.35 91.201 5.61 724.436 0.00 11.482 0.88 91.201 6.96 724.436 0.00 11.482 1.14 91.201 6.54 724.436 0.00

14!



M5197 4-18 N15NTZNPVIAVDIRINDAIDAALIINTHIA B iNLazeeIdeguugiiminy 140 esmusaifod das1diuszrinegillaneeinisaz o

VOUHAANINY 3.0:1.5 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
40.631 125.158 268.724 70.82+0.58° 24.062 74.045 178.709 85.0240.29 20.756 61.083 147.935 87.91£0.91°
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.66 0.00 13.183 0.45 104.713 7.02 1.66 0.00 13.183 1.05 104.713 6.68 1.66 0.00 13.183 1.40 104.713 5.69
1.905 0.00 15.136 0.57 120.226 7.44 1.905 0.00 15.136 1.34 120.226 6.13 1.905 0.00 15.136 1.78 120.226 4.80
2.188 0.00 17.378 0.71 138.038 7.70 2.188 0.00 17.378 1.69 138.038 5.40 2.188 0.00 17.378 2.24 138.038 3.87
2.512 0.00 19.953 0.88 158.489 7.73 2.512 0.00 19.953 2.10 158.489 4.58 2.512 0.02 19.953 2.76 158.489 2.99
2.884 0.00 22.909 1.08 181.970 7.47 2.884 0.00 22.909 2.58 181.970 3.69 2.884 0.05 22.909 3.35 181.970 2.18
3.311 0.00 26.303 1.33 208.930 6.86 3.311 0.04 26.303 3.13 208.930 2.79 3.311 0.06 26.303 3.99 208.930 1.48
3.802 0.00 30.200 1.64 239.883 5.87 3.802 0.08 30.200 3.73 239.883 1.88 3.802 0.08 30.200 4.68 239.883 0.85
4.365 0.00 34.674 2.04 275.422 4.56 4.365 0.09 34.674 437 275.422 1.03 4.365 0.10 34.674 5.38 275.422 0.37
5.012 0.00 39.811 2.52 316.228 2.99 5.012 0.13 39.811 5.02 316.228 0.05 5.012 0.14 39.811 6.07 316.228 0.22
5.754 0.00 45.700 3.10 363.078 1.37 5.754 0.17 45.700 5.66 363.078 0.00 5.754 0.20 45.700 6.67 363.078 0.08
6.607 0.05 52.481 3.74 416.869 0.13 6.607 0.24 52.481 6.24 416.869 0.00 6.607 0.29 52.481 7.12 416.869 0.01
7.586 0.12 60.256 4.43 478.630 0.00 7.586 0.33 60.256 6.71 478.630 0.00 7.586 0.42 60.256 7.35 478.630 0.00
8.710 0.18 69.183 5.13 549.541 0.00 8.710 0.45 69.183 7.02 549.541 0.00 8.710 0.59 69.183 7.33 549.541 0.00
10.000 0.26 79.433 5.82 630.957 0.00 10.000 0.61 79.433 7.14 630.957 0.00 10.000 0.80 79.433 7.02 630.957 0.00
11.482 0.35 91.201 6.46 724.436 0.00 11.482 0.81 91.201 7.02 724.436 0.00 11.482 1.07 91.201 6.46 724.436 0.00

ScCl
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VOUHAANINY 3.0:1.5 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
46.625 130.864 284.206 68.88+0.34° 23.135 69.554 165.668 82.75+0.91° 19.74 52.553 120.47 88.56+1.59"
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.66 0.00 13.183 0.34 104.713 7.34 1.66 0.00 13.183 1.12 104.713 591 1.66 0.00 13.183 1.44 104.713 4.85
1.905 0.00 15.136 0.43 120.226 7.76 1.905 0.00 15.136 1.45 120.226 5.13 1.905 0.00 15.136 2.06 120.226 3.87
2.188 0.00 17.378 0.54 138.038 7.94 2.188 0.00 17.378 1.85 138.038 4.25 2.188 0.00 17.378 2.67 138.038 2.90
2.512 0.00 19.953 0.67 158.489 7.84 2.512 0.00 19.953 2.31 158.489 3.28 2.512 0.01 19.953 3.38 158.489 1.98
2.884 0.00 22.909 0.83 181.970 7.45 2.884 0.02 22.909 2.84 181.970 2.29 2.884 0.06 22.909 4.17 181.970 1.07
3.311 0.00 26.303 1.04 208.930 6.76 3.311 0.06 26.303 3.43 208.930 1.28 3.311 0.08 26.303 4.99 208.930 0.24
3.802 0.00 30.200 1.32 239.883 5.81 3.802 0.08 30.200 4.07 239.883 0.35 3.802 0.10 30.200 5.81 239.883 0.00
4.365 0.00 34.674 1.69 275.422 4.67 4.365 0.10 34.674 4.73 275.422 0.01 4.365 0.12 34.674 6.56 275.422 0.00
5.012 0.00 39.811 2.17 316.228 3.41 5.012 0.13 39.811 5.39 316.228 0.00 5.012 0.15 39.811 7.18 316.228 0.00
5.754 0.00 45.700 2.7 363.078 2.19 5.754 0.17 45.700 6.00 363.078 0.00 5.754 0.20 45.700 7.61 363.078 0.00
6.607 0.00 52.481 3.48 416.869 0.84 6.607 0.24 52.481 6.53 416.869 0.00 6.607 0.28 52.481 7.78 416.869 0.00
7.586 0.05 60.256 4.27 478.630 0.06 7.586 0.34 60.256 6.93 478.630 0.00 7.586 0.41 60.256 7.67 478.630 0.00
8.710 0.12 69.183 5.11 549.541 0.00 8.710 0.47 69.183 7.14 549.541 0.00 8.710 0.58 69.183 7.28 549.541 0.00
10.000 0.18 79.433 5.95 630.957 0.00 10.000 0.64 79.433 6.95 630.957 0.00 10.000 0.82 79.433 6.63 630.957 0.00
11.482 0.26 91.201 6.71 724.436 0.00 11.482 0.85 91.201 6.52 724.436 0.00 11.482 1.14 91.201 5.80 724.436 0.00

9Cl1
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VOUHAANINY 3.0:1.5 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
37.378 114.032 281.621 70.9120.53" 23.207 64.281 141.853 88.10+1.23" 19.875 54.428 122.336 89.22+1.08"
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.66 0.00 13.183 0.52 104.713 6.99 1.66 0.00 13.183 1.13 104.713 6.45 1.66 0.00 13.183 1.48 104.713 5.21
1.905 0.00 15.136 0.64 120.226 7.04 1.905 0.00 15.136 1.47 120.226 5.46 1.905 0.00 15.136 1.93 120.226 4.19
2.188 0.00 17.378 0.79 138.038 6.88 2.188 0.00 17.378 1.90 138.038 4.36 2.188 0.00 17.378 2.49 138.038 3.14
2.512 0.00 19.953 0.98 158.489 6.54 2.512 0.00 19.953 2.40 158.489 3.26 2.512 0.02 19.953 3.14 158.489 2.15
2.884 0.00 22.909 1.21 181.970 6.04 2.884 0.00 22.909 3.00 181.970 2.19 2.884 0.07 22.909 3.88 181.970 1.02
3.311 0.00 26.303 1.51 208.930 5.42 3.311 0.02 26.303 3.68 208.930 1.09 3.311 0.10 26.303 4.67 208.930 0.08
3.802 0.00 30.200 1.90 239.883 4.71 3.802 0.03 30.200 4.44 239.883 0.04 3.802 0.12 30.200 5.49 239.883 0.00
4.365 0.00 34.674 2.37 275.422 3.94 4.365 0.06 34.674 5.24 275.422 0.00 4.365 0.15 34.674 6.27 275.422 0.00
5.012 0.00 39.811 2.94 316.228 3.11 5.012 0.11 39.811 6.05 316.228 0.00 5.012 0.18 39.811 6.96 316.228 0.00
5.754 0.02 45.700 3.59 363.078 2.20 5.754 0.16 45.700 6.80 363.078 0.00 5.754 0.24 45.700 7.49 363.078 0.00
6.607 0.10 52.481 4.30 416.869 1.25 6.607 0.22 52.481 7.41 416.869 0.00 6.607 0.32 52.481 7.78 416.869 0.00
7.586 0.16 60.256 5.02 478.630 0.20 7.586 0.32 60.256 7.82 478.630 0.00 7.586 0.44 60.256 7.80 478.630 0.00
8.710 0.23 69.183 5.70 549.541 0.00 8.710 0.45 69.183 7.94 549.541 0.00 8.710 0.60 69.183 7.52 549.541 0.00
10.000 0.31 79.433 6.29 630.957 0.00 10.000 0.63 79.433 7.75 630.957 0.00 10.000 0.82 79.433 6.96 630.957 0.00
11.482 0.41 91.201 6.73 724.436 0.00 11.482 0.85 91.201 7.25 724.436 0.00 11.482 1.11 91.201 6.17 724.436 0.00
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d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
47.215 180.993 445315 51.52+1.63° 23.328 90.953 239.808 77.2540.43° 20.490 77.170 201.149 81.35+0.8"
1 bar 4 bar 7 bar
Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume

(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.49 120.226 5.06 1.905 0.00 15.136 1.29 120.226 6.18 1.905 0.00 15.136 1.46 120.226 5.96
2.188 0.00 17.378 0.60 138.038 5.29 2.188 0.03 17.378 1.54 138.038 5.98 2.188 0.09 17.378 1.73 138.038 5.36
2.512 0.00 19.953 0.73 158.489 5.51 2.512 0.08 19.953 1.82 158.489 5.64 2.512 0.13 19.953 2.04 158.489 4.69
2.884 0.00 22.909 0.87 181.970 5.74 2.884 0.10 22.909 2.13 181.970 5.15 2.884 0.16 22.909 2.40 181.970 3.95
3.311 0.00 26.303 1.04 208.930 5.98 3.311 0.12 26.303 2.47 208.930 4.53 3.311 0.19 26.303 2.81 208.930 321
3.802 0.00 30.200 1.26 239.883 6.23 3.802 0.15 30.200 2.86 239.883 3.77 3.802 0.22 30.200 3.29 239.883 2.46
4.365 0.00 34.674 1.52 275.422 6.42 4.365 0.17 34.674 3.29 275.422 2.92 4.365 0.25 34.674 3.81 275.422 1.74
5.012 0.00 39.811 1.85 316.228 6.45 5.012 0.21 39.811 3.76 316.228 1.98 5.012 0.30 39.811 4.39 316.228 1.00
5.754 0.00 45.700 2.23 363.078 6.20 5.754 0.27 45.700 4.26 363.078 1.17 5.754 0.36 45.700 4.98 363.078 0.46
6.607 0.01 52.481 2.66 416.869 5.50 6.607 0.34 52.481 4.76 416.869 0.15 6.607 0.45 52.481 5.55 416.869 0.11
7.586 0.06 60.256 3.13 478.630 4.29 7.586 0.43 60.256 5.23 478.630 0.00 7.586 0.55 60.256 6.06 478.630 0.02
8.710 0.16 69.183 3.59 549.541 2.46 8.710 0.55 69.183 5.65 549.541 0.00 8.710 0.68 69.183 6.44 549.541 0.00
10.000 0.22 79.433 4.04 630.957 0.49 10.000 0.70 79.433 5.97 630.957 0.00 10.000 0.84 79.433 6.64 630.957 0.00
11.482 0.30 91.201 4.43 724.436 0.00 11.482 0.87 91.201 6.17 724.436 0.00 11.482 1.01 91.201 6.62 724.436 0.00
13.183 0.39 104.713 4.78 831.764 0.00 13.183 1.07 104.713 6.25 831.764 0.00 13.183 1.22 104.713 6.39 831.764 0.00

8CI



H a a Jd a - a1 o [ 1 J a 1 1
M990 U-22 N1INTLVYVUIAVDIRIND AL NAULINFFHA C ‘ﬁWUﬂ%@@Qﬁ}’JﬂQmWQNmWﬂU 140 DIAB AT e ﬂm"lmuszmnggﬂﬂmmmmmxm

VOUHAANINY 3.0:1.5 NANUAUAA

d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
45.864 154.218 347.322 59.3240.49° 23.399 89.243 232.400 78.1420.44° 20.325 74.228 175.718 82.70£0.75"
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.47 120.226 6.23 1.905 0.00 15.136 1.29 120.226 6.22 1.905 0.00 15.136 1.56 120.226 5.90
2.188 0.00 17.378 0.59 138.038 6.66 2.188 0.03 17.378 1.58 138.038 6.03 2.188 0.05 17.378 1.88 138.038 5.12
2.512 0.00 19.953 0.74 158.489 6.99 2.512 0.09 19.953 1.89 158.489 5.68 2.512 0.11 19.953 2.23 158.489 4.09
2.884 0.00 22.909 0.91 181.970 7.18 2.884 0.11 22.909 2.24 181.970 5.17 2.884 0.14 22.909 2.62 181.970 2.89
3.311 0.00 26.303 1.11 208.930 7.19 3.311 0.13 26.303 2.62 208.930 4.49 3.311 0.17 26.303 3.06 208.930 1.57
3.802 0.00 30.200 1.36 239.883 6.96 3.802 0.15 30.200 3.03 239.883 3.66 3.802 0.19 30.200 3.53 239.883 0.23
4.365 0.00 34.674 1.66 275.422 6.43 4.365 0.17 34.674 3.46 275.422 2.73 4.365 0.22 34.674 4.04 275.422 0.01
5.012 0.00 39.811 2.03 316.228 5.57 5.012 0.20 39.811 391 316.228 1.72 5.012 0.27 39.811 4.58 316.228 0.00
5.754 0.00 45.700 2.46 363.078 435 5.754 0.25 45.700 437 363.078 0.83 5.754 0.33 45.700 5.13 363.078 0.00
6.607 0.01 52.481 2.95 416.869 2.83 6.607 0.31 52.481 4.82 416.869 0.09 6.607 0.42 52.481 5.66 416.869 0.00
7.586 0.06 60.256 3.48 478.630 1.08 7.586 0.40 60.256 5.25 478.630 0.00 7.586 0.53 60.256 6.14 478.630 0.00
8.710 0.15 69.183 4.05 549.541 0.06 8.710 0.52 69.183 5.63 549.541 0.00 8.710 0.67 69.183 6.53 549.541 0.00
10.000 0.21 79.433 4.63 630.957 0.00 10.000 0.66 79.433 5.95 630.957 0.00 10.000 0.84 79.433 6.80 630.957 0.00
11.482 0.28 91.201 5.20 724.436 0.00 11.482 0.84 91.201 6.16 724.436 0.00 11.482 1.05 91.201 6.79 724.436 0.00
13.183 0.37 104.713 5.74 831.764 0.00 13.183 1.05 104.713 6.26 831.764 0.00 13.183 1.29 104.713 6.46 831.764 0.00
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d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
50.286 176.406 402.722 52.2040.6° 25.492 82.154 207.488 82.26+1.53" 20.799 69.203 166.630 86.37+0.66"
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.50 120.226 5.85 1.905 0.00 15.136 1.23 120.226 6.29 1.905 0.00 15.136 1.61 120.226 5.77
2.188 0.00 17.378 0.62 138.038 6.34 2.188 0.00 17.378 1.55 138.038 5.79 2.188 0.04 17.378 1.96 138.038 4.89
2.512 0.00 19.953 0.73 158.489 6.70 2.512 0.00 19.953 1.92 158.489 5.16 2.512 0.08 19.953 2.34 158.489 3.96
2.884 0.00 22.909 0.85 181.970 6.94 2.884 0.00 22.909 2.33 181.970 4.43 2.884 0.10 22.909 2.78 181.970 3.02
3.311 0.00 26.303 0.98 208.930 7.04 3.311 0.04 26.303 2.80 208.930 3.63 3.311 0.12 26.303 3.27 208.930 2.16
3.802 0.00 30.200 1.13 239.883 7.00 3.802 0.07 30.200 3.32 239.883 2.78 3.802 0.14 30.200 3.82 239.883 1.36
4.365 0.00 34.674 1.30 275.422 6.79 4.365 0.08 34.674 3.88 275.422 1.92 4.365 0.17 34.674 443 275.422 0.59
5.012 0.00 39.811 1.53 316.228 6.36 5.012 0.10 39.811 4.47 316.228 1.01 5.012 0.21 39.811 5.08 316.228 0.31
5.754 0.00 45.700 1.84 363.078 5.65 5.754 0.14 45.700 5.06 363.078 0.41 5.754 0.27 45.700 5.74 363.078 0.11
6.607 0.01 52.481 2.23 416.869 4.52 6.607 0.20 52.481 5.63 416.869 0.04 6.607 0.36 52.481 6.35 416.869 0.02
7.586 0.06 60.256 2.72 478.630 3.20 7.586 0.28 60.256 6.13 478.630 0.00 7.586 0.48 60.256 6.84 478.630 0.00
8.710 0.14 69.183 3.29 549.541 0.94 8.710 0.39 69.183 6.51 549.541 0.00 8.710 0.63 69.183 7.14 549.541 0.00
10.000 0.21 79.433 3.94 630.957 0.02 10.000 0.55 79.433 6.74 630.957 0.00 10.000 0.82 79.433 7.20 630.957 0.00
11.482 0.30 91.201 4.61 724.436 0.00 11.482 0.73 91.201 6.78 724.436 0.00 11.482 1.05 91.201 6.98 724.436 0.00
13.183 0.40 104.713 5.26 831.764 0.00 13.183 0.96 104.713 6.63 831.764 0.00 13.183 1.31 104.713 6.48 831.764 0.00
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d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, % d(0.1), pm d(0.5), pm d(0.9), pm Yield, %
44.279 149.324 337.229 60.10+1.07° 24757 81.679 202.963 81.39+0.57" 21.072 67.794 160.767 87.60+0.84"
1 bar 180 4 bar 7 bar

Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume Size Volume
(um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%) (um) (%)
1.905 0.00 15.136 0.52 120.226 6.54 1.905 0.00 15.136 1.29 120.226 6.38 1.905 0.00 15.136 1.58 120.226 5.82
2.188 0.00 17.378 0.66 138.038 6.98 2.188 0.00 17.378 1.63 138.038 5.94 2.188 0.03 17.378 1.96 138.038 4.98
2.512 0.00 19.953 0.81 158.489 7.25 2.512 0.00 19.953 2.01 158.489 5.35 2.512 0.08 19.953 2.39 158.489 4.05
2.884 0.00 22.909 0.98 181.970 7.33 2.884 0.05 22.909 2.44 181.970 4.59 2.884 0.10 22.909 2.88 181.970 3.06
3.311 0.00 26.303 1.18 208.930 7.17 3.311 0.07 26.303 2.90 208.930 3.73 3.311 0.12 26.303 3.43 208.930 2.11
3.802 0.00 30.200 1.42 239.883 6.73 3.802 0.08 30.200 3.40 239.883 2.76 3.802 0.14 30.200 4.02 239.883 1.16
4.365 0.00 34.674 1.70 275.422 6.00 4.365 0.09 34.674 3.93 275.422 1.78 4.365 0.17 34.674 4.66 275.422 0.09
5.012 0.00 39.811 2.04 316.228 5.00 5.012 0.11 39.811 4.47 316.228 0.78 5.012 0.21 39.811 5.30 316.228 0.00
5.754 0.00 45.700 2.45 363.078 3.81 5.754 0.14 45.700 5.01 363.078 0.05 5.754 0.27 45.700 591 363.078 0.00
6.607 0.01 52.481 2.93 416.869 2.39 6.607 0.20 52.481 5.52 416.869 0.00 6.607 0.35 52.481 6.46 416.869 0.00
7.586 0.09 60.256 3.48 478.630 1.09 7.586 0.29 60.256 5.98 478.630 0.00 7.586 0.46 60.256 6.88 478.630 0.00
8.710 0.15 69.183 4.08 549.541 0.17 8.710 0.40 69.183 6.35 549.541 0.00 8.710 0.60 69.183 7.13 549.541 0.00
10.000 0.22 79.433 4.73 630.957 0.00 10.000 0.56 79.433 6.61 630.957 0.00 10.000 0.78 79.433 7.16 630.957 0.00
11.482 0.30 91.201 5.37 724.436 0.00 11.482 0.76 91.201 6.71 724.436 0.00 11.482 1.00 91.201 6.94 724.436 0.00
13.183 0.41 104.713 5.99 831.764 0.00 13.183 1.00 104.713 6.63 831.764 0.00 13.183 1.27 104.713 6.48 831.764 0.00
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Abstract
The aim of this work is to study the parameters

polymer powder with atomization. In this study the
external mixing two fluid nozzle was used. Which

that effect on the powder size distribution and shape of previous research was found the spray is capable of

the Polyethylene wax (PE wax) in the atomization
process. The external mixing two fluid nozzle with
liquid cap diameter of 0.5, 1.0 and 1.5 mm are used
and controlled by heating device at 200°C to avoid
freeze-up within the liquid cap. The influence of the air
pressure and PE wax melting temperature are
considered. The studied in this experiment are the air
pressure of 1 to 7 bars and PE wax melting temperature
of 140 to 200°C. The study found that, increasing
melting temperature and air pressure increases
spherical particle to fiber ratio with a particle size
distribution from 50 to 200 um.

Keywords: Spay drying, Atomization
Polymer powder, Atomizer, Gas Atomization

process,

1. Introduction

Polyethylene wax (PE wax) is a byproduct from
the incomplete of polymerization of high density
polyethylene (HDPE) production process. The
obtained PE wax from polymerization has a lower
molecular weight and lower price than HDPE. For the
present time, there are many applications of PE wax
such as in the manufacture of candle, paints, additive
for the rubber sheet production etc. However, these
applications require uniform drop with spherical
particle size under size 50 to 200 um. Therefore, the
aim of this study is to produce the PE wax powder by
atomization process for increasing valuable of PE wax
and to support several applications.

In the past few decades, interest has increased in
using polymer powder for a variety of applications.
The interest in the development process of the polymer
powder in a high capacity at relatively low production
costs. In general, in the commercial manufacture of
polymer powders use traditional methods of grinding.
However, as it is expensive, highly energy intensive,
and sensitive to contamination from the grinding
equipment and from environmental pollution[1]. In
addition, grinding is incapable of producing spherical.
So grinding is undesirable. The long-term goal of this
research aims to develop the production process of

producing spherical powdered polymer.

PE way melt
| | Heatingzone:
o Tempecature costol

o Heatig device
o Matzial and

Atomizing Zone:

o Nozzk
® Chamber

Collection Zone:

© Colletion chamber
o Eshaust vent

Figure 1. The atomization processing unit.

The atomization process in this study is shown in
Figure 1.The stream size of PE wax, PE wax melting
temperature and compressed air pressure are the
investigated parameters. The atomization process unit
is divided into three zones[1]; the heating zone, the
atomization zone and the collection zone. The heating
zone consists of the heater where the polymer is
heated prior to gas atomization and located at the top
of the chamber.

AIR

LiQuio

AlR

Figure. 2. External mixing two fluid nozzles[2].



The compressed air at room temperature entered
through a stainless tube, to force the liquid stream PE
wax. The liquid stream and compressed air flow from
each tube eventually and contact at atomization zone,
and quickly leave the droplet of PE wax powder. The
nozzle used in this experiment is the external mixing
two fluids as shown in Figure 2. After that, PE wax
powder is stored into the collection zone.

The advantages of the atomization process[3] are
consist of 1) Atomization process can operated in a
continuous system, 2) High capacity, 3) Low loss of
product and unit cost of the production, 4) Products
have an uniform particle size distribution and shape, 5)
Reducing the problem with the distribution of the
internal component, 6) Applied to use in the various
material and etc. Accordingly it seems that PE wax
powder production by atomization process might be
the interesting process to study and developed for
produce the novel powder.

2. Experimental methods.
2.1 Polyethylene wax (PE wax)

PE wax used in this experiment is byproduct from
the polymerization process, which the process of
producing a high density polyethylene (HDPE).
Moreover, the PE wax has lower molecular weight
than HDPE[4] as show in Equation 1.

H H Polymerization HHHHHHHHN
N / el
c=¢’ ———» 4C-C-C-C-C-C-C—-C+4 (1)
7 N LN O I S Y I I |
H H HHHHHHHH
Ethylene Polyethylene

Thermal properties of PE wax were analyzed by
Differential Scanning Calorimeter (DSC). The melting
point is in the range of 110 — 120°C and the
crystallization temperature in the range of 80 — 90°C
by DSC. Furthermore, the viscosity of PE wax is in
the range of 5 — 1000 cp which depend on the
temperature. In this experimental, PE wax is heated
over the melting temperature to become liquid phase
completely, to prevent the plugging in the nozzle.

2.2 Atomization process

2.2.1 The study of effected of melt stream size on PE
wax powder shape and size distribution

The stream size of PE wax was controlled by the
liquid cap diameter of the nozzle. The experimental
used 0.5, 1.0 and 1.5 mm liquid cap diameter of
nozzle, 1 bar of air pressure and 180°C of PE wax
melting temperature. Before spraying melted PE wax,
the external two fluid nozzle was pre-heating for 30
minute at the height of nozzle located above the
ground about 170 cm.

134

2.2.2 The study of effected of PE wax melting
temperature on PE wax powder shape and size
distribution

The particle size distribution and shape of the PE
wax powder are strongly dependent on the melting
temperature. Melted PE waxes were atomized at
different temperature ranging from 140 to 190 °C (1
bar of the air pressure). This was done to determine
the temperature dependence of the PE wax particle
size distribution, allowing the optimum temperature in
the atomization process. The temperature range of the
PE wax melting was used to determine the effects on
the particle size distribution.

2.2.3 The study of effected of air pressure on PE wax
powder shape and size distribution

The air pressure is one of parameters that
essential to the particle size distribution of powder
with obtained from the atomization process. From the
previous result found that, due to the 180 C of PE wax
melting temperature can maximize the fine particle in
the process. So, 180°C of PE wax melting temperature
was selected to studied at the various air pressure in
the range from 1 to 7 bars.

3. Results and discussion
3.1 Influence of the melt stream size.

The initial melt stream size used 0.5 mm of
liquid cap diameter due to we hope to minimize the
density gradient. The experiment found that, using 0.5
mm liquid cap diameter gave particle to fiber ratio less
than using 1.0 and 1.5 mm. Contrary that, the 0.5 mm
of liquid cap diameter was produced even more fibers.
The reason for the large amount of fibers produced by
the 0.5 mm of liquid cap diameter is that the melt
stream size is too small to flow out radically in an
even manner into the pathway of the air pressure [1].
Therefore, there are thin areas within the melt stream
that do not carry enough mass and/or sufficient stress
to break-up into spheres when contacted by the
compress air, leading to formation of the microfibers
already described. When PE wax was atomized with
1.0 and 1.5 mm liquid cap diameter (180°C of PE wax
melting temperature and 1 bar of air pressure), the
powder size distribution and shape of PE wax
powder are satisfactory as illustrated in Figure 3.



Figure.3. PE wax powder operated with 1.0 mm
liquid cap diameter (left) and 1.5 mm (right).
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Figure. 4. Stream size of PE wax melting dependence
on the Particle size distribution of PE waxes powder
(1 bar of air pressure).

The comparison between 1.0 and 1.5 mm liquid
caps diameter affect on PE wax powder shape and size
are shown in Figure. 3 and 4. Suggest that, using 1.0
mm of liquid cap diameter gave the size of PE wax
powder smaller than 1.5 mm because of the influence
of air to liquid ratio (ALR). The experimental found
that, decreasing the liquid cap diameter (Increasing
ALR) will increasing the fragmentation of PE wax
melt when contact with compress air. However, the
surfaces of the powders are smoothly when atomized
by external two fluid nozzles. Although, Using 1.0
mm of liquid cap diameter can produce the fine
particle. But the particles that larger than 630 pm are
mainly obtained in the process. The verification was
showed in table 1.

Table 1. Experimental parameter and results.
Stream Bulk

size density > 6(3‘;) )p m < 6(3; )” m
(mm) (g/cm’) ¢ ¢
1.0 0.5018 46.80 53.20
1.5 0.4901 4.77 95.23

From Table 1 demonstrates that, the 1.0 mm
liquid cap diameter can obtained particle size smaller
than 1.5 mm. However, amount of particles smaller
than 630 pm in two operating conditions are clearly
different. The amount of particle which is smaller than
630 um was up to 95.23% when atomized by 1.5 mm
liquid cap diameter. That is the reason, why the 1.5
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mm of liquid cap diameter is the convenient for used
in this experimental.
3.2 Influence of the PE wax melting temperature.

Melting temperature is the mainly parameters that
effect onto the particle size distribution. Figure. 5
shows that, the shape of PE waxes powder at various
melting temperature are approximately. Fine particle
and narrow particle size distribution of PE wax
powder can produce by using the high melting
temperature.

190°C

Figure. 5. PE wax powder shape at various melting
temperature from 140 to 190°C.
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Figure. 6. Temperature dependence on the Particle size

distribution of PE waxes powder (1 bar of air
pressure).

Figure. 6 was use to confirm the particle size
distribution of PE wax powder. The particle size
distribution of PE wax (1 bar of air pressure) at
various PE wax melting temperature analyzed by
Mastersizer 2000. The plot indicates that, the mainly
particle size distribution of PE wax powder obtained
in the range of 50-200 pm is illustrated in Figure. 5.



Table 2. Experimental parameter and results.
Melting Bulk

Temperature density >630um <630 um
(°C) (gfem’) (%) (%)
140 0.46675 3.27 96.73
160 0.48145 5.52 94.48
180 0.49015 4.77 95.23
190 0.42915 8.50 91.50

At the PE wax melting temperature 180°C, the
fine particle size of the PE wax (< 321 um) up to 90%
and the bulk density up to 0.49015 g/cm’ as show in
Table 2. On the contrary, when the PE wax melting
temperature is too high, mostly powder sticked in the
collection zone. It is undesirable to take place in the
atomization process. Suggests that, increasing the PE
wax melting temperature) is effective to obtain the
narrow particle size distribution of PE wax powder
(Figure. 5). It notices that, the bulk density of the PE
wax powder was showed in each run. As a result,
when used the 180°C of PE wax melting temperature,
the PE wax powder obtained with the 95.23% of the
powder that smaller than 630 um, and bulk density
equal to 0.49015 g/em’.

Generally, atomization process required to
produce the fine particle and narrow particle size
distribution. Heating of the material is the most way
to operate until the temperature of the material enough
to avoid freeze-up within the nozzle[5]. Due to the
influence of the liquid viscosity cause the
fragmentation of the PE wax liquid stream. Suggest
that, the temperature inverse of the liquid viscosity.
Consequently, Increasing the PE wax melting
temperature tends to decrease particle size distribution.

3.3 Influence of air pressure

The pressure of the compress air is the strongly
parameter that effect onto the particle size distribution.
Figure. 7 show that, the sizes of PE wax powder at
various pressures are approximately. The spherical and

S.

Figure.7. PE wax powder shape at various air pressure
from 1 to 7 bar and 180°C of melting temperature.

Figure. 8 shows the plot of particle size
distribution of PE wax at 180°C of PE wax melting
temperature with ) air pressure analyzed by
Mastersizer 2000. ?‘Parrwv, indicates that, the particle
size distributions from experiments are in the narrow
range. And the outstanding condition of the process is
at 3 bar of air pressure. Suggest that, the powder size
distribution is 50-200 pm which be desirable product.
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Figure. 8. Air pressure depends on PE wax particle
size distribution (180°C of PE wax melting
temperature).
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Table 2. Experimental parameter and results.
Gas Bulk
pressure  density
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6 0.3500 73.68 26.32 References

7 0.3325 81.29 18.71 (1]

The result in Table 3 showed the particle size
distribution at various air pressures from 1 to 7 bars.
The experimental found that, when the gas pressure
from 1-3 bar, the PE wax powder size distribution
depend on the gas pressure. Notice that the d (0.9) in
each run, mostly particle size distribution is in the
range from 50-150 um. And in condition of 3 bar air
pressure, the smaller than 630 pm up to 95.57 %,
amount of 130.888 pum up to 90% and a bulk density
of the PE wax powder equal to 0.4058 g/cm’. On the
contrary, when the air pressure is too high, that
causing the fibers of PE wax which be undesirable
product.

The PE wax powder size distribution is strongly
influence by air pressure. The influence of the air
pressure on the PE wax powder size distribution is
illustrated in Figure. 7 and 8. The experimental found
that, when the Air to liquid ratio is in the optimum
condition such as in the experimental of air pressure
1-3 bars can produce the fine particle and spherical.
Moreover, when the operation air pressure is too high,
it affected to the density gradient of the melt
stream[6]. To cause the fibers are obtained in this
process.

4. Conclusion

Base on the result of this study, it can be
concluded that, the atomization process with the
external mixing two fluid nozzle can be producing PE
wax powders within the size range from 50-200pm.
The parameters that strongly on particle size
distribution and shape of PE wax power are the melt
stream size, melting temperature and the air pressure.
If the system was operated in the optimize condition,
the atomization are able to obtained the desirable
contact between the air and PE wax liquid stream. The
sphere and fine particle of PE wax powder were
produced as well in the process.

(2].

[3].
[4].

[S].

Otaigbe, J.U. and .M. McAvoy, Gas atomization
of polymers. 1. Feasibility studies and process
development. Advances in Polymer Technology,
1998. 17(2): p. 145-160.

Ejim, C.E., et al., Effects of liquid viscosity and
surface tension on atomization in two-phase,
gas/liquid fluid coker nozzles. Fuel, 2010. 89(8):
p. 1872-1882.

Tony Brajdich, M.H., Bob Lind, Glen Muir,
Atomization. 1995.

Strumendo, M., A. Bertucco, and N. Elvassore,
Modeling of particle formation processes using
gas saturated solution atomization. The Journal
of Supercritical Fluids, 2007. 41(1): p. 115-125.
Reverchon, E. and A. Antonacci, Polymer
microparticles  production by supercritical
assisted atomization. The Journal of Supercritical
Fluids, 2007. 39(3): p. 444-452.

Hani, H., Single fluid atomization through the
application of impulses to a melt. Materials
Science and Engineering: A, 2002. 326(1): p. 92-
100.



wAa Y A
sz InEIvey
A 4
¥ ETQ@ HNE‘TTJQUﬂ”ﬁim LD
stialszminfnun 5310120114
a =

’g%lfﬂﬁﬂﬂ‘lsﬂ

=) ‘ﬂ' U

I0U YOOI UU

Q

INTINAAAINAATUUNG  WHIINAIAIVAIUATUNS

(G

NUMSANH

= d’ o & =2
Ungusamsanmn

2552

138

NUIATIMINAIANININYAAINTINENT IV HAIUE 1T UNIAQATIHNT TN WA,

2554-2555

msﬁﬁuﬁmmm%wmm

Madua. U., Prasertsit. K., Innachitra. P., Keatkhunboot. T., 2012. Effect of operating conditions

onto the powder size distribution and shape of PE wax powder in atomization process.

Proceeding of the 10" International PSU Engineering Conference, May 14-15, Songkhla,

Thailand.





