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Abstract

A vacuum dryer for the production of carboxymethyl cellulose (CMC) with a
production rate of 12.5 kg/day, was made from stainless steel grade 304. The cylindrical dryer
had a diameter of 40 cm and length of 70 cm. The drying area and drying volume of the vacuum
dryer were 0.63 m’ and 0.075 m3_, respectively. The vacuum dryer is also equipped with a
condenser for solvent recovery, however, the solvent purification unit is still needed. A part of
the vacuum dryer contains copper tubes which roll along the vacuum chamber in order to heat the
CMC using either hot water or steam.

Drying was opcrated at the absolute pressures of 560 mmHg and 660 mmHg. The dried
CMC retained its quality and still had a good appearance. At the same quantity of CMC, to reach
the moisture content less than 8 % (wt. “%), drying at the absolute pressure of 560 mmHg showed

a better performance than at 660 mmHg.
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2.1.1 ﬂﬁﬁ?mtﬂmﬂmﬂa‘f (Phase transfer reaction)

(CH),N'Cl + NaOH —> (CH),N'OH + NaCl @.1)
(CH),N'OH + Cell-OH —> Cell-ON'(CH,), + H,0 (2.2)
2.1.2 1fif3enmaiinsmes (Etherification)

Cell-ON'(CH,), + CICH,COOH —> Cell-OCH,COOH + (CH)N'CI (2.3)
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3.3.6 n3spunTauuvigdladiug (Fluidized-bed dryer)
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3.3.7 1913992 ULTUVV G INIA (Vacuum dryer) [ 6]
NaNAITINIY ;

9% souu wuvganied wad eseund i 14 lumseuui anield

v
o °
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nseuuteiaailonwan Liquid slury w38 Paste  @2881A3 espuudauuuil ¥y

IATBIBUURIUY Vacuum shelf dryer 140S Agitator pan dryer nse Agitated vacuum dryer

Vacuum shelf dryer huaseseuntanuiinswdoumsden szneudasdau

fiily Vacuum tight chamber, Heated chamber, Supporting shelf Uaza3U Condenser 1A589

v ] v v
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v v
Agitator pan dryer EL Agitated vacuum dryer m?mﬂmnﬂumnﬁnﬂunmu
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3.3.8 INT9IBVUNINVUNIYZA3! (Pneumatic conveying dryer)
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4. $iiaTinT8INs2 918309 (Disperser-attached type)
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A. ¥iialAIeq Disintegrator (Disintegrator-attached type)
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48991 N1A (Dust explosion) Fuiudsnsuasromn suhunseseuuiauugaonmmiuma

P P { t A o @ Ay,

@onfimuzaunianiisnssudilaymi ndnuwddndu  Fedylunseenuuundes
o R 2 A A 'y o o o & Ly

filads fle vinavsuaTeseuuts AImasadisuazANUNUAWTLSWBUATEIB UL TY
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4.1 THADUAITOBAUDY

L3 3/ x s Y 2 @ A g A & o
4.1.1 ﬂﬂywayamaammﬂﬂ‘mucmammazm‘Jmazmﬂ‘lahiwswmaa

wa saag a 9
fl. FTUUAVDIHIDUYIUNI [ 3]

- ifisazanniilian pH 6.5-8.0
4 1 4
- ANNUTENTOYIUTII (% Taorimin) 72-99.5%
2 Yoo
- ANBU (% Taorimiin) 7-8%
3 ] L4
- gungiini Ifnldsudluieig (Browning temp, ) 180 - 225
- gaungiinyil¥iiiug 1 (Charring temp, *) 210 - 250
- AWMU WU (Bulk density, PSU/ANAANT) 0.65 - 0.75

¥. oulfAvesiaazatsle Ta Insniueafifsasunisgnaa T
uazmIseila
- $99Msseilia (Explosion limit) 2-12%
nlesiFud IasdTuasluena
- QWJTUHI“N (Flash point, °af) 12
- Qﬂlﬁﬂﬂ (Boiling point, ") 82

- Qﬂlﬁgﬁ’r}ﬂaﬂq‘ﬂ (Autoignition temperature, 6‘lf) 425
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4.1.2 Waumuianssrumsnanddnduazmsevuds uansdsgilil 4.1

Cellulose— !—‘ MCA (Monechloroacetic acid)
NaOR Isopropanol
Hedh; watar
Heater
Sol
]
storage ;
|
A 4
Vacuum Dry
oc Vacuum dryer CMC
Storage filter
l Healtng water
Distillation Vacuum !

pump ‘Heaterl

tower
Solvent Vapor l
‘| storage condenser

o a Y ad 4
21."“ 4.1 UHUDINATSUIUNTHAALASDULUNIVID LY

4.1.3 AnvmdamahaueslnsahsveunTeseuuteuuugaannin [6]
Yszinmveunieseuuiunugyanniaua}d 2 1szian
f. Single-Compartment Vacuum Tray Dryer (SVT)
SVT Lﬂuzﬂ?ﬂaauuﬁumuqtgnpmﬁﬁdwﬁqﬁ udneReglii 42 eenuLY
Wiisnaudu 14- 20 S miazéu%zﬁmﬂ'lﬁaqé";u 2-8079 i‘fumjﬁmmmm%’u Faadi
1viundeseuutatiusintiie1n Mild steel W3091991910 Stainless steel 4402 Treated mild steel

waenfuudziszaez ¥ Cast iron Lay Mild steel uareundouietiosiuaiiy

s ¥
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donsszis mafiagandouralnd (Hot spot) fouursiag ldeadu

[ Y s t 4
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Conneclioa o candenser
and wacuuym pump

Condensate
auiiet

3 119 4.2 uans Single-Compartment Vacuum Tray Dryer [ 6]

9. Multi-Compartment Vacuum Tray Dryer (MCVT)

McvT Shusfeseunisfisenuuuldiimmedecunieudoafuiving
Tng uaasdagalii 43 deseuutuniveiilassatreiidudersnntuniumy sve

msifiiden nseuniohfimwdugaenme  uazgungilhiguin
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Yot lunlfenfuld ‘l%’ﬁnqq;mjmﬁgﬂ"lmi’ma:ﬁ’ﬁiﬂmuﬁuaanmmﬂ?mauuﬁa
amigveunseseuuialszing 25 nn/ms.
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¥

2‘]]"71 4.3 RS Multi-Compartment Vacuum Tray Dryer [6 ]
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4.2 5180108AN158BALUY
4.2.1 GIUVBINI TV
f. ﬁﬂﬂf!glﬂlﬂﬂﬁ (Vacuum chamber)
¥, PWUEIRATINA T ROy I
fl. NINVEIWATUAIVBINBIGYYINIA
0. IR 1SS F (Tray)
9. mwuererhaResgygIne
u.ﬁﬁﬁﬁ?m?mamnﬁmmnqnujqpmﬁ
¥, nINAAvINAT R senIumiu levesdaiazate
%, nmduuasesnauutiy levesdariaza
2. uammsﬁwfaﬁmqﬂgmuwmﬁ
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4.3 Yumsumsaiaaztlszneunose ULV INIA
43.1 35msadieviosgeyannifl (Vacuum chamber)
s ] d ~
f. daurumannd atinvinn 125.5 3.3.X60 ¥,
] ~ 13 o
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0 243.1 95.1 39.20 70.13 70.13 0
30 229.8 81.8 25.90 46.33 58.23 1.064
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180 314.0 166.0 23.90 16.82 17.95 0.128
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300 3053 1573 15.20 10.7¢ 11.19 0.056
330 303.9 155.9 13.80 9.71 10.20 0.056
360 3033 155.3 13.20 9.29 9.50 0.024
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0 683.0 3843 11030 4026 4026 0
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90 6525 353.8 79.80 29.12 3038 0138
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180 635.2 336.5 62.50 2281 23.74 0.102
210 629.2 330.5 56.50 20.62 o 21.72 0.120
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330 609.6 3109 36.90 1347 14.23 0.084
360 606.3 3076 33.60 12.26 12.86 0.066
390 604.1 305.4 31.40 1146 11.86 0.044
420 6022 303.5 29.50 10.77 1.1 0.038
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(33D (n53)y
0 1836.5 1147.2 300.50 35.49 35.49 0
30 17974 1108.1 261.40 30.87 33.18 0336
1776.3 1087.5 240.80 28.44 29.66 0.177
1761.6 10783 731.60 2135 21.90 0.079
120 1760.0 1070.7 224.00 2646 26.90 0.065
150 1752.8 1063.5 216.80 25.61 26.03 0.062
180 1745.8 1056.5 209.80 24,78 25.19 0.060"
210 1739.3 1050.0 203.30 24.01 2439 0.056
240 1731.8 1042.5 195.80 23.13 23.57 0.064
270 1725.1 1035.8 189.10 2233 nn 0.058
300 1718.7 1029.4 182.70 21.58 21.96 0.055
330 17132 i03.9 17720 20.93 21.25 0.047
360 17101 1020.8 174.10 20.56 20.75 0.027
390 1708.3 1019.0 172.30 20.35 20.46 0.015
420 1706.1 1016.8 170.10 20.09 20.22 0.019
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150 226.5 78.5 8.30 11.82 13.03 0.136
180 225.0 71.0 6.80 9.69 10.75 0.120
210 223.8 75.8 5.60 798 8.83 0.096
240 223.2 75.2 5.00 7.12 7.55 0.048°
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240 217.5 69.5 4.60 7.09 7.86 0.080
270 216.7 68.7 3.80 5.86 6.47 0.064
300 216.4 68.4 3.50 5.39 5.62 0.024
330 216.3 68.3 3.40 524 5.32 0.008
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2721 124.1 1920 18.30 22.50 0352
120 268.6 120.6 15.70 14.9'; 16.63 ZEO.MO
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210 5713 2726 229 9.17 10.05 0.088
240 568.0 ’ 269.3 19.60 7.85 8.51 0.066
270 565.3 266.6 16.50 6.77 731 0.054
300 562.5 2638 14.10 5.65 621 0.056
330 560.4 261.7 12.00 481 523 0.042
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0 1587.3 897.6 286.50 46.88 46.88 0
30 1539.2 849.5 238.40 39.01 42,95 0.413
60 14983 308.6 197.50 32.32 35.67 0.351
%0 1474.6 784.9 173.80 28.44 3038 0203
120 1461.1 771.4 160.30 26.23 27.34 0.116
150 1448.3 758.6 !47.50 24.14 25.18 0.110
180 1437.8 743.1 137.00 2242 23.28 0.090
210 1428.9 739.2 128.10 20.96 21.69 0.076
240 1419.8 730.1 119.00 19.47 20.22 0.078
270 1414.5 724.8 113.70 18.61 19.04 0.045
300 1408.5 718.8 107.70 17.62 18.11 0.052
330 1404.2 7145 103.40 16.92 17.27 0.037
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na i Tmindidns ——s aloffudaanidu | -alefdudnudumis |sanmseuts
andh) | ondidudindn Budu (nsn) (%) (%) (nn.M¥u.a7.1)
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0 2591.6 1544.0 334.40 27.65 27.65 0

30 2570.6 1525.0 313.40 2591 26.78 0.126

60 2553.2 1505.6 296.00 24.47 25.19 0.105

90 25384 1490.8 281.20 2325 23.86 0.089

120 2523.6 1476.0 266.40 22.02 22.64 ‘ 0.089

150 2513.1 1465.5 255.90 21.16 21.59 0.063

180 2502.0 1454.4 244.80 20.24 20.70 0.067
210 2492.3 1444.7 235.10 19.44 19.84 0.0.;)8

240 2481.2 1433.6 224.00 18.52 18.98 0.067

270 24716 1424.0 214.40 17.72 18.12 0.058
300 2461.9 14143 204.70 16.92 1732 0.058

330 2454.4 1406.8 197.20 16.30 16.61 0.045

360 24459 1398.3 1388.70 15.60 16.26 0.051

390 2437.5 1389.9 180.30 14.91 15.25 0.050

420 2429.0 1381.4 171.80 14.20 14.55 0.051
450 24226 1375.0 165.40 13.67 13.94 0.038
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0 243.1 95.1 39.20 70.13 70.13 0

30 22938 81.8 25.90 46.33 58.23 1.064
60 221.8 73.8 17.90 32.02 39.18 0.640
9 2185 705 14.60 26.12 29.07 0.264
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| Ansugueungil (Temperature controller) 6,500
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sevie 113 Yede 6,000
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seuu i 8,000
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