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Preparation of MF — cellulose membrane using semi-automatic microbial culturing
system for surface water filtering in a process of drinking water production

Abstract

This work describes membrane manufacturing in a semi-automatic cell culture
system. Cell culturing media were the standard solution with and without coconut juice
supplement. It is essential that micro-bilogical aseptic techniques must be followed critically
to avoid contamination during cell culture, which would in turn, affect cellulose production.
Care taking should be emphasized on cell density, period of culturing, and type of culture
media used. After 3 days cuituring, the cellulose membrane was harvested and dried. It was
found that cellulose membranes produced from the media with coconut juice supplement
possessed greater thickness, resulting in a smaller effective pore area. The membrane was
150 um thick, while the other was only 90 um thick. It rejected bacteria A. xylinum by 100%,
suggesting that the membrane pore would be smaller than 0.3 pm.

On water flux measurements under 25 kPa pressure, the CE(CCB) and CE(SHB)
membrane exhibited flux at 10 Lm™ h' and 15 Lm?h” with hydraulic conductivity
coefficient of 8.6x107% and 20x10™"? m’N''s", respectively. This result indicated that the
CE(CCB) membrane possessed smaller effective pore area. After being boiled for | h, the
CE(CCB) and CE(SHB) membranes improved the water flux by 75% and 10%, respectively.
These membranes were tolerate to heat up to 100° C, to acid-base of 4.0-10 pH level for at
least 5 days of the testing without changing in membrane mass.

The results obtained after filtering waste from Songkhlanakarintr Hospital and from a
rubber factory informed that physical properties such as color and organic waste in term of
COD could be reduced by 80-90% and 46-70%, respectively. The membranes were able to
filter ferrous oxide contaminating in the underground water at 4 ppm level by 100%. It is
envisaged that after technology transfer, local community and farmers can increase their
income by utilizing the coconut juice, which is considerably a waste from the community,
and turn it to be useful for environmental protection in the future.
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N stage micrometer G3UU stage tna'lad 1funudao mechanical stage clip

o ar =1 ar . . .
WuTddaaumumnadalasly ow power objective (objective 10 X)
009 Ocular micrometer  8ONVINNABY MYUINDYIATUUUYDY ocular 9N ocular
micrometer 84 1113 ocular tube !.Lfs{iﬁ’;lil ocular ASUIIN

) . ad gy r
weweudr I lundssezifiuaing 2 uon  Taumnaves stage micrometer HdunMaina

. A4 A Y o
VY3 ocular micrometer HIBIONYU ocular TNDVDI ocular ﬂzwgumu"[ﬂmﬂ (I‘H‘Higu
3 ¥ ar A 3P - & .

ocular uARNITBsFouAUTUIVIIN  1AeulivalaTianilauad ocular micrometer
AAUNORALUTANTIIVDY stage micrometer UBWAREY 111U lava st sgoumIdouiy
TUReA WUSIUIUTBIUBA ocular 1A stage micrometer IINVANTAIUDITanSafiviaae

W oo o

Wuituiu i mawgasud s maamauniy 31 1 %09999 ocular micrometer
IMAUNYOIDA stage micrometer H3BWNAL luATOU (um) Tufinwa
Uidudsaiude 3. ual¥mdwnovss objective 40x 1az 100x (Mdwven 100x 19

oil immersion) MUIBUANTUNANBFUREIY

$78819013A 1IN

TUUAI 7 09903 ocular micrometer = 10 ¥03UD4 stage inicrometer

0.01 mm. (fuali)

1 ¥93U04 stage micrometer

nTUY 1 Y9999 ocular micrometer = {10/7)X 001 mm. = 0.014 mm.



2-17

ar = - o < ] ¢ o = o't
WIYLH# mnmumgaumUﬂzuanmmmﬂu"lmmu LY 51@11“156&1]?17]5E?TUQFIHTISUWIMW}

e

¥
(Y] [ o = et A
WINUFINAUY ocular micrometer 3 Yo AIHUIDUNIBUVUIR 3X 0.014 = 0.042 mm.‘l"ﬁﬂ 42 "luﬂ‘sau

4 ~ o_ ar ‘3 . 4 o 9o '

o 1¥ objective NMEMBTIIU  ANAVY stage micrometer DxQAVOIBINATY WITFTUTBIVD
1 g i . A = =1 1 [}

ocular micromcter ADVIUIUBDIVDY stage micrometer waeull Fadeufivuarving 1 gedves ocular

=] 1 ar d' ¥
Hvamnud Tuasou'ts

Oculer
nncroneder

fa . g‘l]ﬁ 2.13 ueadn13 ld ocular micrometer 147111/ ocular

(M http:/iscience. kmutt.ac.th/class/mic291/mic291lab4.doc }

3UT 2.14 uaREnNBYB micrometer HLVANY

1 2 3 4 b

u||1|m|1m||n L T

4.doc )

000102030405060708091.01.1mm

(b) Stage micrometer

(http://scienee. kmutt.ac th/class/mic29 1 /mic291lab4.dog )

() NSYOUANAYOI ocular micrometer LAz stage
micromcter
(http://science kmutt.ac.th/class/mic291/mic29 1 lab

4.doc )



2-18

212 maWambensausaglaguuunadgnlmim
o w2
2121 MSINIIURGRIZIDY
-] 9/ Cr ¥ 3 :& =5 < :’ 14 9/ o
D dedimzitosdioiazemygmbiawenuag i¥ad1viudidzeagy 70 % uvanssed
.2 2 2 2wy 4
alsd 70 v ueaneged $19n3on el 30 wR vniuda uv Al wilshu
] T aa g ] d:' u 9 dy FR=In d 9
) Faiauazaeveda laudilaidondy) ludmizmoayad AHn1319a9L 70% Ethanol
¥ . - ¥ ¥
wazdla UV fel3dhmar 192109) #a 70% Ethanol azilla UV ia138nasailunm

RE YT

2122 ASHSHNBIMISINIZION

A 4 4 ' A o a kY

ernt S oufiussnatons ouwag laaindalden  Acetobacter xylinum  TISTR

1 :’ o ] Ay g & :’
No.97s Tatluaz lildihuswdfudmnauluemsdsadogasinasgudinima Sucrose ifu
unasniuey uazGund) qas CCB uag gns SHB amddn daswazBoatuasuii 2.1 YSuseay
1 = ° A ] - o =Y o as o 1

ol ves0m13 1l 4 (f5eun, 2550) wdminlilwinFeiigungil 121°C neldnudiu 15 doudde
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Peptone 0.5% (wh) 0.53% (wiv)
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Citric acid 0.0115%(wiv) 0.0115%(w/v)
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mﬂmﬁmﬁ:ﬁw11J§‘mm"lvﬁu$hu‘i%‘ Rose-Gottlieb process 33Uf1 Wemer-Schmid process

@ » '
wunludresaihwewid imumsnsas (w) TSl 0.093% vourasihs tazwuuiiei
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menilinseswnuaieanios (FCw) Ui lviiuasanlszing  50% voniwendnluldsm

M3sn3es AvilTuie lyiidies 0.039% voadiet1a (H1n13199 3.3)

H a a T 1o s i ' o A
A11h 3.3 s Tniuludedinihugwi e L@ e Rose-Gottlieb process 3IUNU Werner-Schmid process

i »

frooninenin Wmiavaad | shmindeoan | dwdndanad | dwdnlutu | Teiues)
M98 (N51) wewdaa (n§an) + lfucni (")

1. e il 105.96 10.05 105.97 0.009 0.093

A13N309 (CW)

2. thuzwiafdwms 108.50 10.00 108.50 0.004 0.039

1383 (FCW)

=Y o = ar o . 1 s . ©
A5 3nTenn1dsm v Taed3 Rose-Gottlieb process 39UNY Werner-Schmid process 17

Y A 3 A 2 o b &y A £ o o U
18divsnsufior uanifiosinmainWandlilinTes Rotary Vacuum Evaporator daiianusuiludes

v o ' a o o = . i 7w 4 ' {
ﬁ\ﬂﬁ']ﬂﬂ’l\‘]ulﬂ'31ﬂ3WZ‘HW'JUWW]‘HFI Bhgth and Dl’y ﬁﬁutlwmuﬂﬂﬂﬂilﬁﬂﬂTiﬁ\‘]aﬂﬂ (ADCET) ﬁﬂﬂ‘lz

- ar - o = 3
FATINNITUDHAT UNTINVTRDTIVATUAIUNT Nﬁﬂ']if!!.ﬂ‘i'lx'}‘ﬂﬁllﬁﬂﬂﬁiuﬂ'ﬁ'lﬂﬁ 34 i!'lﬂNﬁﬂ"liﬁﬂ'H’l

3 oy =1 1 A ad + ar - =) 1
h92 7% 92U I3u5nA0 73 Rose-Gottlieb process 3IUNYU Werner-Schmid process Wwafiazidusni

H ¥ 3
myad 3.4 Y5mnalviulubuewifdinss Tnemaiin Blight and dyer

dethainmin TETTALY LT LYT LAY
1 hwewd i limmnsngos 0.00
2. mend i lidumsnses 0.00
3. ﬁwu:w?nﬁrhum‘snim 0.01
4. Thuenifiumsnseg 0.00

anmsanudsua luiu iz wd aanas bz wd RN NT09RI0s 2B DY

' ' i o ¥ 3 1 - o i
MF wu 15 n3ed0 1 teiu lnihuzwinasas uadaihidedlzlueenuidssoaziBoalunsed 3.5

a kY 5 > ¥
Tuszozasnialaud lymsaade lniwews 1 Iasnsdmhmews nideanowi i dduiGes

- y ¢ A @ " ovq ¥ :
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- Ad A s ¥ A - @ .
131N 3.5 YUALUANLS m’l‘W‘Ui‘u‘u TUHEWIMIVHIUNTITNIDN TF\U‘I’EU‘U“UMﬂﬂlJ QOcular micrometer

i]"lﬂﬂ’gﬂ‘!ﬂﬂﬂiiﬂ‘lj‘ﬁﬁﬂ Compound microscope (Olympus 3:14 CH-2) Himdeuens 100X

BaanAiiSY AU (mm) AIUH (mm)
1 1 1.5
2 i ] 2.0
3 0.5 2.0
4 0.5 2.0
5 0.8 i.5
6 0.5 1.0
7 .5 2.0
8 G5 1.5
9 1 1.5
10 0.8 1.0
11 0.5 1.0
12 0.1 2.0
13 i 2.0
14 0.5 1.5
15 0.5 1.0
16 0.5 2.0
17 0.8 1.5
18 0.5 1.0
19 1 2.0
20 0.5 1.5

i 0.6540.25 1.57+0.40

a

Foyalumsit 3.5 wamaldiiud  winBensessaglaafisdaldfininagfidonh 0.5
Tunsou thezldifudensosgdunsdld dounisMszun MF asesmseommsudrimumstudion
vBuAToT mﬂ'jnhmﬁﬂmm%?aﬁﬂﬂﬁnagjﬁlmxuu othelsia nusiduiafuntmmzdodnnda
wiwindasemsomsadlumands mstlathnmasuzdaonszawaomh defoaiuhiliifams
shudlondumald Faguf 3.1 1% Sadenallalematiiinsudougdun3dld msdnnluddudo

il 1l 399438 msilaaiude lua13 91913 unUMS NSRS T UL MF
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rieanindeants Iguauaunsondagensesuldedlasitieg  Jserdeiimsnuu@eny
A a9 :’ 3 c:‘ﬁ = yn!‘. g = 1
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a [ g == 9o g .3 ° & v :;y ¥
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9 ¥
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1 { 1 g 4 1] 1
maludiaindelsndionas UV nazueanesednds latlannoadienszamenamhiieusinyends

F o 4 v =4 a d & a 1w o s §
aegU 3.1 0d1a lsnd wason TinuineInanaa nudsiimsduileuvesgain Asgii 3.2
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o
e O
é

R - : v a4 A > v d v A
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3 k' = o n; = : A v k4 o
Tududu mllﬁ"n1n151mnmwwu‘1uumzw%’nwmum'iﬂsmmtﬁxuu MF Wu1MA1U

o ; r - 1 - 3 !é’
Wuduaadszdudg 05U 1X 107 naz 1X 10° waddegauianisudiuas) 1weiilalatilvaiu naz

1 =
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e

p = ny = 1 [ 1 o dy o a L]
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b . I v
aunsoivadelsaldanua Sainzdewindelasaisdieddldauiew ilesainminezldnsnses
v ¥
muszuusaas 1 mandnlasaseynsuiu wzdh sz uumiz@esdinmae 019 imngzdemanaaly

FZAUYUYY

! : - A = { 4 J { A
§UN 3.3 anvazIaTativazmaiguvesTaTaivourainulnimeni MmN IuNIINT09RI0IATDINT D9 ME

33 MsasIuve NN INaINIsN IR 182 UY MF lngdinsdesnnsuuuniise
92 a A  ad @ 9 Aa A v 9 v v

laanriavesaunid drensdeunnsunuanGennulmihuzninvdimnsesileszuy

- MF fiigunin 0.3 Tuaseu nuduflunuaiiFounsuay @aduasves Sarfanin) Hgusrenuunni @zl
113.4) ‘
a = g :‘ o = K] 4'| :' |

nnmsiavuiavesgaunssnwy lnhwzwinndmunsnsesdisnieansenit - Taedsns
fe1v11AVee Ocular and Stage micrometer NAMAIVIIY 100X UDINABIYANTIAIFIIA Compound
- microscope (Olympus i:u CH-2) WY1 1 $849949 Ocular micrometer UAWMAL 0.001 aamas (48
 §84U84 Ocular micrometer 191111 5 ¥89UBY  Stage micrometer) A13199 1 HAALVUIAVDINUANIT Y

L

$29 N319x017 0.5-1.0 X 1.0-2.0 luTnsmas

' X v 8, 31 3.4 dnwmspiliuaznmsfadunsos
- 3

e . » L i 1 IR : 2975
L g . L S . Sarfanin uuanGeRnyliwendm

L R Ak N D . AMAIVEIE 100X YBINADITANIIMIIVY

g o : K - o Usznou (Olympus $4 CH-2)
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34 wedlunuezinanfiveudonseavagloa

snmsifgasemiuy SHB naz ccB MAnfudisurandad Idiofonfunanssiai
phfufe 3 u wu’iumag‘laﬁﬁwﬁﬂmnqmﬁ’m:w*?n CE(CCB) Thnauazaammumisvazilonia
vazmiaszna 2 wweusaglaafnanvIneMsmIz@AnIgATINAIIL CESHB) Moyl

lum3199 3.6

H [ ¥ ¥
M 3.6 W sudouatazanuminva@onuazisswaglad Mimnzifosdwemsimzdisagas

SHB naz CCB Juniavua 60x120 em’

swmMIRAn ffon303 CE(SHB) ansed CE(CCB)

simindlen (®) ) 9.34 +0.08 1517032

Yt (o) 0.06 £ 0.01 0.1+ 0.01
Anunvuzdon (mm) 128 T 0.02 2413005
AMUNUYNLUTI (mm) 0.09 £ 0.01 0.1510.03

35 ﬂ?mm*ﬁnm1:ﬁmaammsmmémqmﬁ]:uzw%’nviam'mam?;ammwagina
lumsndmitensousaglan ldnaasuwiioniuead dcerobacter xylinum TISTR No.975 430
Ifhroumsmzidos muFimsveamag (@ ila3,2548) ual¥gas CCB umu unisnaansii 1y
madUSinas 25 Saaans munit 1x 10° Calvmt mizidoeluoumz@osvnaduriugudnaa 90
fadwas @0 1.5 uAnas ndminmne@sadunm 3 fu wuhemnslunumizdsutied 3e
amnimndnlS sz @oaiu 30 uaz 40 Taddns Tavfiarumuinivvearadnaiy
Ao 1x 10° Celyml Tﬂﬂﬁu'ﬁnmauazﬂ’Jnmuwaatﬁ'mmagiaﬁﬁwmmﬂummwmzuﬁ’a Tauyiims
A0 3 51908 3 gamsnaaey wamananasluaried 37 Fumadliiud dmasgasennsd
diviuhifinademadlonuazuautanmin waanaudntemmdmafiniSasens ewiia
NnadRi Nt mdFims I uarsendunuR AR RSt danaliisadiin
aaznsuiunddumaazeandion lknsedamag Tealiduiidemvuiums e s
Uhinaitounit minaaesiirgdt mldisadiiiums 25 miplate ANUIUWRY 1x 10° Cellml
mMIngaudmMIuMInanag laa vennnfiduilunsednilszndadidhoasndsanlumsmion

DM TIMIZAUIANA
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4 = ) u‘; | ¥ A a a 4
AVIWN 2.7 !‘LEU'U!ﬂU‘Uﬂ"I‘M’mlLﬁtﬂ'ﬂl!ﬂu'lﬂxwm31‘1.'01’1!!?13'llﬂlxL!ﬂQﬂlﬂﬂ!Uﬂl‘]ﬁﬁgTﬂﬁﬂHﬂﬁqﬂﬂ'lﬂ

Axytobacter xylinum TISTR No,975 114’@:%13’811415 CCB ﬁﬂ?lj'lﬂ'iﬁh%ﬂ

‘51Uﬂ1‘5‘ﬁﬁﬂ'ﬂ1 ‘IFS‘N'IFI‘SB1HT5 (ml/plate)
25 30 40
winilen (g) 1517 £0.32 16.51 + 0.84 17.96 + 0.11
uauRe (g) 0.11 % 0.01 0.120.01 0.12 0.0
anumnumziton (mm) 243 +0.02 234+ 0.04 212+ 0.08
ANUMUIIHZUE (mm) 0.16 + 0.02 0.15 + 0.04 0.15 £ 0.02

= A:'i G&l' o d ¥ o
3.0 NMIANEIITNN N15f§ﬂ~ﬂuﬂ1‘iﬂ1§§ﬁuﬂ]u1!’ﬂﬁﬂﬂ')ﬂ1ﬂﬁ1ﬂﬁ suaaau

A A

» ¥
(o1 eaINuiNWUT  deetobacter xplinum TISTR No.975  iilegnmilontidig Tvdh
P B = = ¥ dy dy ciq
nIzHAAAUANNLD 80 kHz uoildga 6vpp unat 7 widl udnihhlmozdealuemsmz@oahi
» ¥
1 pH 4 e 330 02 IRIUARSY Acetobacter xylinum TISTR No.975 MuS I U0195 30157
v a = 4 4 ]
9] wazurwrag Taah 1Atgwgwwuduiaeldo1msiadgns SHB ¥auszneudin Sucrose 4%(w/v),
Peptone 0.5% (w/v}), Yeast extract 0.5%(w/v), Citric acid 0.0115%(w/v} ung Na,HPO, 0.033%(w/v)
J ' aw Sy = v 3 Y 4 a a 2 =2y Y
azauTuiiingu unauIoiidesmsmmaaniuzningailunandamdonmmunyas - 5914
[} ] b4 1 M
MmsAnywannmsmileninradinaiaieg dudnasanila fai
» k4 ¥
W1 Acetobacter xylinum TISTR No. 975 Hmzidos i uemsgastihuzwdiudhuro 3 u
w g ES [} &1 a o = ) o
waz lafusurassuduudr ldas i ugamiionivgad  dSmes 5o Taddas (Tau33 Aseptic
technique) imiluminynd IaoTinnud 80 kHz wewdga 6 vpp iunai 3,5, 7 uaz 10 WA Ao
ANUgNAe B ININDLaztoNFIAd 1B INYDUATBY Osilloscope
MIA 3.8 uaeawan (n) uezANuM (1) veuwaglanvazdlonuazvuzuis wudims
mileningadfinnud 80 kHz wewildge 6 vpp w7 uii dwsdlunmiinenziige eswn
) ¥ 1 v » [ [
woglagidihhminuazanumunnniige  uazAoutunsiilosnniisudosnanasynniosiiga

diawousumamioniwsadanmous
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A13139% 3.8 wansedamag Taavdsnnmioniugaddae TWihaszuaadufianud 80 kHz , 6vpp Tugenadien

¥ ¥
TdomrmziBe)sunas 25 Dadaniaosumiziior ATuHuMUYYBAEan 1x10° cel/ml

(m ulipdisunia

nalunsmisninrad uraveuvaglas )
(min) ~azaitlun i
0 15.17 £ 0.32 0.1140.01
3 16.21 £ 0.96 0.12 £ 0.01
5 16.81 & 0.50 0.11£0.01
7 17.84 £ 0,40 0.13 £0.02
10 15.95 = 0.95 0.13 +0.02

) WvuRpumunin

palumsmiloninead pmmwesiorsaglad (nm)
(min) iieiiln il
0 243+0.02 0.16 £ 0.02
3 222+0.01 Q.15+0.00
.5 2.09+0.08 0.13 :t‘0.0l
7 242003 0.18 £ 0.01
10 2,04+ 0.03 0.14 £ 0.02

v d3 1 A

37 wWidndirnaiienseawaglaafin3unn dcerwbacter xylinum TISTR No. 975

::; = i L4 :’ 1 A’t = =1 " c!'l

30N 35 waauweiilonvdndvanivudonseuragTaa TaunlSouiisuszuiaonses
CE(SHB) uaz CE(CCB) vaifiviionsesiindnnnemisgas sHB Tiaumeiiionvdndvaninduga
' ' o 4 b7 VoA v = A’l’ A 1 1 ’

phlunnqgawmudunls  ueasinbenses CEGSHB) wnelfuiigniumnndt douvmiaguios
Uszunm 0.1 Tuaseu mwfieila3 (71uaxfSaur (9] dswamTiuds eowlsdfanumnveute

* »
CE(CCB) fnnniniuiidiuh ldins@eurianudu (AP/AX) fimanainiain Suthunguaoiung

Sy v

dldnanintioonndo (gaums 2 Tude 2.13)
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M
}

+ CE{5HE)

;l‘."* o SCE(CCR) y=00734x
= Ra=00888
-

=t

= < -

— 157 y=0.041x
v

= - Re= 00,0841
=

= 16 -

2

= . . >

5 AR -

(.} T T T T T F
0 S0 LH0 150 2010 IR0 300
Pressure (kPa)

¥ ¥ .
31 3.5 nBsuiouwedienddndvenimiur iy CE(SHB) oz CE(CCB)

dienlSvuivimeilionidndve nhruitens euvag Taafindannradudamsmilonidae
Y v i o = =1 v =) ar
Idhduganiugu ead igamiloninsadas iy nsmlugalil 3.6 uematifiuiumosiendnd
L] » 1
veahriwdenssurag laagamdoninilune 3 wii uaz 10 wid s lndRosfuganiuguinn
+ o o o & = o oA Y oq ¥ JE 1
dnuwoliienvtdndvoutonisegamioninmu 7 v Tuuahiuldmgage  msnaasefideerglh

o

mstmileniusaddodyn e I Rnua 80 kHz ueu1ldga 6 Vpp Wi 7 d ihurefiingay

& L =2 ' as ¥ = 14 a £ =
FahvelanunwgudrunigemvguuaziiMuazag lagunfigadie (@asun 3.8) Fanah

é‘ ciy Yy ¥ as ¥ o L] = ] = = A o ar d}
gentiudor lnmin uaeasldmiundyaalwiiiinadenisniamag Taavesgduni dlussdumils

4 " o o o o A 4 = w4 .
A3 nansidnlseninninii @) veulenseswag loaindaniulAieu luann

vﬁﬂmmsi’iamaawag‘inﬁ L, m'N's" )
C-SHB 2041 x 10"
C-CCB 859x 10"
CE(CCB) : wiigmi1 3 U 500 CE(CCB)E3 8.67x 10"
CE(CCB) : milumi1 5 11 Son CE(CCBYES 11.01x 10"
CE(CCB) : miionih 7 u (500 CE(CCB)-E? 13.54 x 102
CE(CCB) : g 10 w1k Gun CE(CCBYEL0 837 10




3-i0

= 004872
< control R*=09819
12 DE3 i
g AES ¥= 00296z
P R~ 09296
o0 e MET
g ®ELD
— = 0.0% %
= 3 R =0 9608
i
=
t & y= 0.0307x
= R'=09522
=
=
= 4 ¥ 0.030x
5 Rf=09954
oy
2
) - - . . r . .
o 50 100 150 200 250 300

Pressure (kPa)

; o e L ed e a
5 3.6 uamuweiilonddndveniwinubonsowag loa CE(CCB) mondsiuradgnmilonidieinih

o - A ’ o A o
WNAIIUD 80 kHz, 6 Vpp Y1I01R199] 1Y !IGUU!T'!UUﬂ“IJ‘Eﬂﬂ’JUf’]N

38 anfnutiviimhveudinsearaglarainainme SEM
msAnpIvRguasANINHLatens saag Toe Tan I 1on MeIn SEM (i gudinieaile
3wuaﬂm¢|§"uﬂﬁﬂmﬁﬂﬁwmuﬁuﬂ{)mm;ﬁ"aﬂiaamaqiaﬁnn%ﬁﬂﬁwﬁﬂ Aolfon399 CE(SUB) ,
CE(CCB), CE(CCB):E3, CE(CCB)ES, CE(CCB):E7, 1az CE(CCCB)EL0 #1131t 3.7 (a-D S ouifioy
sewinganuny sxiiu i uensensagladwiia CESHB) flvuavesngulassamingnives
iBonseuagTaawila CECCB) (foniouzlii 3,72 fu3.7b) defivisanvinamdis SEM vea
1‘3%5_8«%@1?1?{ %@ CE(CCBYE3 §19 CE(CCB):E10 fignmiionhidauldfhszaudien wududonses
A14Tmsnszarvvesgunnmaiu uazibons safimiloniao i Hasdundovegifuu Feiwe

b 4 ) o
dawanosmaunuig ik nazd Idilsasas



31 3.7 nw SEM veawag Tamuuiusufindanan 1a Acetobacter xylinum TISTR No.975
P ' o o
moldgouluaien fadl
(a), U0z (b) fiv CE(SHB) 1z CE(CCB) YAATVAN RV 20,000 19

(c), (d), (e), uaz (H fin CE(CCB):E3, CE(CCB):ES, CE(CCB):E7 t1az CE(CCB):E10 mudIsu
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AN IHATIANUNUNTA-A 19 UTBN583 CE(SHB) itag CE(CCB) i Tnomideitionsos
YA 1 x 1 EUALAT $191 30 31 tnlseenidu 3 g Taongai | il hnindusnou 10 §u
nzjn'ﬁ 2 u¥luarsazaie HCl pH 4 $1491 10 Fu uaxﬂtjnﬁ 3 uluansazaly NaOH pH 10 119U
10 $u WBiuinnarenewih lusluasdndr ndamsuadum 120 $2Tu9 (5 T i
itenspdions saunseiiazetatowi ldmnaa ndnhuwai lduninausunasudy wa
manaaosduaaslumsief 3.10 (a), () uaz () Mndeyaesoayy1da Lﬁ@ﬂsaqtmaqTaﬁﬁa
aoswiiatiutalinlGoumlas ansonudensa HCI pH 4 unza1s NaOH pH 10w 1 120

o = o é = d'l o -:!y o Ao r gy r o =& ar
#2119 Smivnilsie wertiadaws s lnsesmsazaiwill pH 29 4-10 1dAedoduniuna 5 Ju

ANINUABNSA-ANVEUTONIDUTAgla

Taelulinansznunouiaveaiio

@139 3.10 1S suifsuuiaveauTUAaULaZHANI T IUATALAZAN

(a) 1onTBilR CE(SHB)

Gowluiiimsinm saveubensoarsaglan CE(SHB) (mg)

Control HC NaOH
Vi 20£0.1 20+02 20402
FmrinnEans 30 48+03 49£02 5.0£04
sniamdans 5 u 4.9 £0.3 50203 5.1+03

(b) rdonseawiia CE(CCB)
douluiininm mnmms?}ansmwag‘ian CE(CCB } (mg)

Control HCl NaOH
svinus 2.7£0.2 2.7 02 2.6+02
Emﬁnwﬁwﬁ 30Ut 5402 54202 5.6+0.3
Sl 5 Ju 5602 5503 57405

» ¥
(c) ﬂﬁ‘ﬂ’ﬂmﬂﬂi}’}m‘tlENlﬁf)ﬂiBiﬂdﬂﬂﬂmuﬂﬂﬁdﬂﬁ!t‘ﬂuﬂiﬂ HAZAIUITU S TU

VIRVDUHILSY (mg)

Msazmy CE(SHB) CE(CCB)

19401 30 min WYEFaLaE 120 h 831 30 min HAUK 120 b
Yindu 5 5 5 6
HCI pH 4 5 5 5 5
NaOH pH 10 5 5 6 6
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3.10 MsimenmsanAaLuBonsoelnunisan
» ) ¥ ]
iWisAubanioa CE(SHB) uay CE(CCB) lwindomiiunar 1 %114 udnivlinageums
4 1 =y s r 1 =Y ar 4 = .3 1
nseunewIAuNes lenWdnd wudnuwes ilenWdntveutionsas CE(SHB) Dgediu 1.07 v taz
vouienseawin CE(CCB) digatu 178 om Aot 38 damalddidse@nmminh 1,
o % @ «f ) P o w8 ¥ Ada gy o A & g
wlasumlasdie dawaadlumseh 311 uasshmsduseiisadwmpa i laseaunils iy

a o o

o q é Hf ] ~at { 1 dy 1 o
walddFanulube cECeB) Fadtiiiud laiuiiduegluemismzondunidyas coB T

Y o | o r gy 3y o ' o
Tidndii luwanmsnasesgli 35 Siswles uenvinfidauanalfiduinsanlniuden o

4 ' - 4 a N = = o
ensos nienardmivnils feensesriiatiamsmi i Feuldnguuaigads 100’

20— ¥ =0.060%
R#=02981

LACE(SHBY. control
BCE(SHE) boiled

- GCE(CCE) control ; ¥ =0.0643x%
= X CE{CCEYboiled Rz=10992%
(1

=

- ¥ =0.0578x
v R*=10 9931
=

=

e

) y=00325%
= R*=0.986
=

{} T T T T T — 1
£) A0 100 150 20 250 300

Pressure (kP:u)

31 3.8 W sudoumeiienvSaduoniinduring CE(SHB) 1oz CE(CCB) RirumisduTusindeaunu 1 $2Tua

' ’ ¥ . » .
Ml 31 Fulszdndnminhe) veubenseusagTaamondsiunduhuindeau 12T

wiiavsiiensessaglaa L, m'N's" )
CE(SHB) : Control 17.88 x 10"
CE(SHB}) : Boiled 1 h 19.18x 10™°
CE(CCB) : Contro) 9.04 x 10
CE(CCB) :Boiled | h 16.07 x 10
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311 nameumsnseniiannlsimenna

i]'lﬂﬂﬁ‘ﬂﬂffﬂ‘ﬂﬂ?‘iﬂ‘iﬂﬁ@uﬁlﬁﬂti‘lsﬂf’lﬁdi]1ﬂ75\11‘lﬂ1‘]ﬂﬁ’dﬁ1ﬂTuﬂ?uﬂ:‘f{ﬁv?t’amﬂﬂ‘lf'lﬁd(ﬁﬂ
usn) ndaTsanemnamavaruaiuns udninmaneanses reidenseuwaglaa 2 ¥iia fle CE-SHB
Inz CE-CCB #1uininanseanuuilanie (Micro Filiration : MF) 1A218% 250 kPa wudnithann
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Abstract

Bacterial cellulose was produced from A. xylinum using two culture media for a comparison, and
dried to form a thin membrane with hydrophilic property. Plasma treatments of the membranes
produced with coconut juice supplement were conducted under the variation of pressure, exposure
nme, and net power dissipation from the RF source using oxygen gas. Water flux of the
membrane was reduced to the same magnitude in all cases after the treatments, regardless of
changes in its surface contact angle. ATR-FTIR results showed some changes in functional groups
of this bio-polymer. The peak at 713em™ for O-H out-of-plane bend increased remarkably. A
broader peak at 3340cm” indicated the higher number of water molecules surrounding the
membrane. This corresponded with the change in more hydrophilicity of the membrane and the
surface contact angle. An AFM image exhibited larger microfibril aggregates after the plasma
treatment.

Keywords:  Cetlulose, Acetobacter xylinum, Water flux, Oxygen plasma, FT-IR, AFM
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Introduction

Cellulose is the most abundant biopolymer on Earth. Sources of cellulose come directly from
wood pulp or are generated by several bacteria as nano-fibers crossing cell membrane to form
micro-ribbons. The quality of cellulose depends on the degree of crystallinity which was governed
by cell types, carbon sources and growth conditions [1-3]. The structure with strong hydrogen
bonds prevents it from being easily dissolved in a normal solution, hence, several investigations
were reported towards work in gas separation and wastewater treatment. [4-6]. Its biodegradable
and biocompatible properties provide possibilities to apply it directly in medical purposes [7.8].
However, regenerated cellulose was utilized in case of wastewater treatment to avoid deterioration
causgd by bacteria.

[on beam and plasma modifications have been known for the improvement of material surface
properties such' as hydrophilicity, morphology, functional groups, ionic strength, and
biocompatibility. Examples of the improved properties reported were antifouling of protein in
microfiltration polypropylene membrane after NH; plasma treatment, increasing hydrophilic
surface of polysulfone membranes to reduce protein fouling after CO; plasma treatment, an
increase in anionic/cationic permeability ratio across dense chitosan membranes after N-ion beam
and argon plasma treatments with the finding of anti-fungi property [9-13]. Utilization of O,
plasma for modification of polyacrylonitrile membrane, cellulose acetate membrane and
regenerated cellulose membrane have been reported for water flux enhancement, protein
enrichment and water-ethanol separation improvement, respectively [14-16]. These improved
properties by plasma treatment have become increasingly attractive, since chemical usage can be
reduced during manufacturing processes.

Modifications of biepolymers, such as chitosan and cellulose, for filtratton purpose in this
laboratory have been reported [11-13, 17-19]. Previously, bacterial cetlulose membranes produced
by A. xylinum for 3 days possessed pore size of 0.01 pm, determining by using molecular weight
cut off method. This porous membrane was used for modeling plant cell envelope to explain the
effect of beam bombardment in living systems, and also used as a base membrane for chitosan
coating in salt filtration studies. The chitosan/cellulose compostte membrane {19} performed 80%
MgS0; rejection. Nevertheless, only dense chitosan membrane was proved to exhibit antifungal
property after N' and Ar' beam treatments. Also, chain strengthening and scissoring effect were
reported in terms of a decrease and increase in water flux, respectively. In fact, bacterial cellulose
and chitosan possesses the same back bone structure, except aldehyde group replacing hydroxyl
group. As being biocompatible, it has been utilized extensively in wound dressing work.
However, plasma treatment on bacterial cellulose has not been reported before. It is, therefore, of
interest to explore possibility to treat bacterial cellulose with O, plasma. Preliminary tests such as
water contact angle, water flux, Scanning Electron Microscopy, Atomic Force Microscopy, and
Fourier Transform Infrared Spectroscopy were reported.

Experimental

Cellulose membranes were produced by 4. xylinum (TISTR No0.975) at 1x10°® cells/em® density in
a standard solution at pH 4, with and without coconut juice supplement. The mass and the
thickness of these membranes were recorded after 3 days culturing, then the membranes were
dried at 3243° C for 4 days and kept in a dust free container. The coconut-juice supplemented
membrane was designated as CCB membrane, and the other was designated as SHB membrane.
After comparing cellulose produced from the two media (Table 1), the CCB membrane was
chosen for further experimentation. Several pieces of 5x5 cm® membranes were cut and treated
with inductively coupled RF O, plasma. Gas pressure for O input was 0.1 and 1.0torr, under 200

and 300W operating condition. Membrane exposure times were chosen at 60 and 180s for this
mvestigation. Methods for water flux measurement were described in details before [18]. Contact
angle measurement, SEM micrographs, and FT-IR analysis were obtained using the same methods
as described elsewhere [12-13]. The structure of cellulose membranes was studied using AFM
(Nanosurf® easyScan 2). AFM pictures were taken with the use of non-contact module (tapping
mode), at room temperature. The cantilever used was the silica, N-type, 0.01-0.025 ohm/cm.
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Plasma Reactor

In order to avoid contamination from metal electrodes in the plasma system to the cellulose
membranes during the plasma treatment, two possible type of plasma reactors have been utilized,
which were the Microwave Resonance Cavity Plasma (MRCP) and the RF Inductively Coupled
Plasma (RFICP) reactors. However, earlier study showed that the density of charged species in RF
plasma could be considerably larger than in a microwave one. Also RF reactor was found to
provide radial uniformity for wider ranges of operation parameters than the microwave
counterpart [20]. Therefore, a planar coil RFICP reactor was set up for the treatment of cellulose
membranes in this study. Fig. 1 shows a schematic diagram of the reactor. Basically, the system
consisis of a vacuum chamber, an RF generator, an impedance matching network, and the gas and
pressure handling peripherals detail of which has been given elsewhere [21-22]. In this work, the
plasma was generated by applying RF power from a 13.56-MHz generator (Dressler Cesar-1310)
through a matching network to a planar-shape coil antenna. A quartz window was placed on the
top of the vacuum chamber to allow the visual inspection inside the reactor and maintain the
vacuum while still allow the RF power to couple into the gases inside.

Results

The mass and the thickness of bacterial cellulose produced from the two growth media were
compared in Table 1. The coconut juice supplemented CCB membrane possesses greater wet
mass and after being dried the membrane thickness was about 150 pum. It should be noted that
coconut juice supplement for CCB membrane production contained a trace of fat and a
considerable amount of sugar of 0.04% and 0.50% Brix, respectively. Besides these differences,
some hormones and enzymes content in coconut juice would enhance the pellicle production.
After the plasma treatments, Table 2a shows that water contact angle of the membrane is clearly
creased from 35" to 50° degree under 200W and 0.1 torr condition. However, upon the increased
power of 300W and 1.0 torr condition, the water contact angle slightly increased if the 60s
exposure time was sclected. The reduced water fluxes by 30% of the control membrane after the
treatment are shown in Figure 2a and 2b, indicating a decrease in membrane effective pore area.
Interestingly, this reduction was the same in all cases, regardless of the treatment conditions used.
In other words, the result suggests that the increased contact angle up to 50° degree has no effect
on water permeation. As a consequence, water permeability of these membranes deduced from the
slope of graphs is the same as shown in Table 2b.

The surface morphology of plasma treated membranes is shown in (Figure 3 a-e). As is seen,
aggregations of cellulose threads appear at 0.1 torr 200 W operating condition. The pore sealant at
the membrané surface is obvious after 1.0 torr operating pressure was used. With 300 W, cellulose
aggregation Js increased, creating some depth between the aggregates. This is more pronounced at
180s exposure time. Apparently, one would expect some differences in the water permeability
among these membranes after the treatments. The disagreement might be due to large applied
pressures used in water flux measurements, compared to the treatment depth (see Figure 5), and
they might overcome the blockage at the modified surface.

More details of polymer functional groups were studied using FTIR analysis. Figure 4a shows the
major characteristic peaks of cellulose membrane at 3340 ¢cm™' (O-H stretch), 2894 cm™ (C-H
stretch), 1641 em™ (C=O stretch of carbonyl group), 1360 em™! (C-H stretch of methyl group),
1160 em™" (bridge O stretch), and at 1050 em ™' (C-0 stretch). Afler the plasma treatment at 1.0
torr, the peak at 713 em™ (O-H out-of-plane bend) was increased remarkably as shown in figure
4b. The broader peak at 3340 cm ' (hydroxyl group, H-bonded OH stretch) in figure 4c is
broaden. indicating the higher number of water molecules surrounding the membrane [23].
Moreover, under changing the operating pressure from 0.1 to | torr the peak at 1733 cm™
(aldehyde group) of the treated membrane occurs due to the degradation [24]. AFM images in
Figure 5a and 5b illustrate the structure of whiskers cellulose transformed to larger microfibril
bundles after the plasma treatment. The groves created by the treatment were enlarged. explaining
the finding of cellulose aggregation by the above SEM micrographs. These suggest that the
polarity of the cellulose is increased, showing the potential to produce the cellulose with higher

strength and stiffness for high-performance applications because of the modified microfibril
bundles.
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Discussion
The details from water flux measurement and the SEM micrographs suggested that O; plasma
somehow reduced pore size of the membrane surface and hence it would be able to select smaller
molecules for separation process. As done before [19] by filtering known molecular weight of
Poly(ethelene) glycol (PEG) ranging from 4,000 — 20,000 Da, the rejection reached 90% value at
12,000 Da for CCB control membrane and became less than 2,000 Da for the 1.0 torr plasma
treated one, confirming that the treated membranes were ultrafiltration membrane type, which
might be suitable for protein filtration. In polypropylene microfiltration and polysulfone
ultratiltration membranes [9,10], a decrease in adsorption ability was reported after plasma
treatment, which lead to a reduction of protein fouling. In this study, the aldehyde group would
introduce more positive charges to the membrane surface after modification. This would certainly
affect protein adhesion, which depends greatly on the pH level used. For tlux improvement, it was
found in a later experiment that the control membrane could be increased in water permeability
from 9x107"% to 16x107"? m*N's™! after being boiled for 1 h prior to filtration.

It should be pointed out that after O, plasma treatment the grove depth was increased from 100
nm to about 220 nm from the top surface. As far as the morphology (Figure 3 and Figure 5) and
functional groups (Figure 4) are concerned, the treated membrane might also be best for being an
anchorage of biomaterials or some living organisms. In a later experiment, it was found that the
CCB membrane could totally reject A. xylinum and the plasma treated membranes would be better
for filtering nano-scale molecules. It is certain that the treated CCB membrane would not be as
good as the bacterial cellulose producing around 60-300 pm diameter pins, as reported by Rambo
et al. [7], in term of oxygen permeation for tissue engineering task. However, smaller pores sizes

ranging from 10-100 pm were required in their case for promoting cell selectivity during cell
culture.,

Conclusions .

Surface modification of cellulose membranes occurred after O, plasma treatment. leading to a
decrease in membrane effective pore area and water flux. Under 200 W 0.1 torr conditions, the
membrane was increased in O-H group and slightly increased in water contact angle without
affecting water permeation under applied pressures. It was explained as due to only a few
hundreds nanometer of the surface was modified. Further effect was found in aldehyde group,
which related to enhancing membrane positive charges.
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Table 1 Comparing cellulose pellicles produced from a medium with (CCB membrane)

and without (SHB membrane) coconut juice supplement.

4

Membrane Type Mass Thickness
Wet (g) Dried (g) Wet (mm) | Dried (mm)
SHB 934 +0.08 0.06 £ 0.01 1.28 £0.02 | 0.09+0.01
CCB 15.17 £ 0.32 0.12 + .01 241005 | 0.15+0.03
Table 2 The effect of plasma treatments on water contact angle (a) and hydraulic

permeability (b) of CCB membranes.

(a) (b)
Plasma treatment | Contact angle (degree) Lp(m"’N'Is'])
Control CCB 35 8.6x10"7
200W, 180s:

0.1torr 50 3.0x10"?

| 1.0torr 26 3.1x107"
300W, 1.0Torr:

60s 39 3.2x107"2

180s 26 3.2x10°"°




Figure captions

Figure |
Figure 2

Figure 3

Figure 4

Figure 5

Schematic diagram of the RFICP reactor

Comparing the effect of O, plasma on water flux under different conditions

{a) Change in reactor pressure but kept 200W and 180s exposure time constant
(b) Change in exposure time but kept 300W and 1.0torr reactor pressure constant
SEM micrographs of treated membranes (b-¢) compared to the control one (a)

ATR-FTIR spectra of cellulose membrane
(a) Control

(b) 200W, 0.1torr treatment

(¢) 300W, 1.0torr treatment.

AFM images of control cellulose membrane (a) and O, plasma treatment (b)
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