Nghién ctru khoa hoc cng nghé

NGHIEN Cl’U NAM MEN PHAN LAP TU XOP POLYESTE
POLYURETHAN TRONG THUNG NHIEN LIEU MAY BAY
SU-30 MK2 O’ SAN BAY BIEN HOA

NGUYEN THU HOAI, O TAT THINH, LE NGOC MINH,
VU XUAN NAM, PHAM TH| THU HUYEN

1. PAT VAN PE

Xbp Polyeste polyurethan (PPU) 14 san pham tong hop tir phan tng cua di- hodc
poly-isocyanat v&i polyol, trong mach polyme cta ching c6 nhiing nhoém urethan
(-NH-(C=0)-0-) (hinh 1) [3]
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Hinh 1. Phan tng tong hop PPU [2]

Trong cic may bay thé hé 4 (Su-27, Su-30), xp PPU duoc dit trong thung
nhién liéu ¢ than va canh may bay, c6 tac dung giit can bang, on dinh nhién lidu bay
va do dé chéng nd, chéng chay. Theo huéng dan sir dung cua may bay Su-27va
Su-30, sy pha huy xp PPU tao thanh cac manh vun va bién d6i mau cua xop PPU 1a
hai yéu té quyet dinh phai thay the Thuc té st dung trong diéu kién khi hau ¢ Viét
Nam cho thdy tudi tho cia cac tim PPU trong thung chira nhién liéu chi dat mot nira
thoi gian so véi mirc quy dinh cia nha san xuat.

Nhiéu cong trinh nghién ctru da chimg minh kha ning ciia cac loai vi sinh vét
sir dung PPU lam ngudn cacbon va niang luong cho qua trinh sinh truéng nho mot s6
enzym thuy phan nhu ureaza, proteaza va esteraza do vi sinh vt sinh ra cit dut cac
mdi lién két trong nhom urethan [9]. Nhiéu loai vi khuan ciing dugc nhiéu tac gia
phan 1ap va nghién cuou kha ndng phan huy polyurethan 1a Pseudomonas
chlororaphas (7] Comamonas acidovorans [8], Bacillus subtilis MZA-75 va
Pseudomonas aeruginosa MZA-85 [10].

_ Trong bai bao nay, nhom tac gia trinh bay nhiing két qua nghién ctu vé dic
diém sinh hoc ciia mdt so0 chung nam men phan l1ap dugc trén xop PPU thu duogc tur
may bay Su-30 sir dung tai sin bay Bién Hoa, dong thoi thir nghiém gia toc vé anh
huodng cia chung 1€n chat luong ctia xop PPU.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciru
Mau x6p PPU cii thai loai dugc thu tir mdy bay Su-30 (thang 11/2016) va tam

x6p PPU méi do nha may A32/Quan ching PKKQ cung cip. Polyurethan st dung
trong cac thi nghiém la Impranil DLN (Bayer, Dtc).
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2.2. Phuong phap nghién ctru

2.2.1. Lam giau va phdn Igp ndm men

Mau x&p PPU thai loai dugc cat thanh nhitng miéng nho véi kich thude 15x15
mm va dua vao binh non chira méi truong khoang dich thé véi thanh phan nhu sau
(trong 1 lit): 0,5 g KH,POy; 1,0 g KoHPO4; 0,5 g MgSOy; 2,0 g MnCly; 0,028 mg
CuClg, 0,022 mg ZnCly; 0,04 mg CaClz, O 026 mg Na,MoOy; 0,15 mg FeCls; 0,02 g
cao ndm men [5]. Binh dugc nudi lic ¢ téc do do 250 rpm/phtt trong 7 ngay 0 diéu
kién 28°C dé 1am giau cac vi sinh vat trong mau x6p PPU thai loai trén ngudn co
chit polyurethan 1 Impranyl DLN (3g/1) [4].

Dich nuéi sau lan céy chuyén th 3 cua vi sinh vt tir PPU thai loai trén moi
trudng khoang v6i Impranyl 14 co chit duy nhat dugc cdy trang déu trén méi truong
thach Hansen (g/l1it): K;HPO4-3,0; MgS04-3,0; glucose-50; pepton-10 va dat nudi o
28°C. Sau 48 gio, cac khuén lac nAm men c6 hinh thai khac nhau dugc lwa chon va
tinh sach trén moi trudng Hansen thach téi khi thu dugc chung thuan khiét.

2.2.2. Xdc dinh kha nang sinh enzym ngoai bao

2.2.2.1. Xac dinh kha nang sinh ureaza

Thi nghiém dugc tién hanh trén moi trudng Christensen (pepton 1 g; NaCl 5 g;
KH,PO, 2 g; glucoza 5 g; thach 20 g; nudc cat 1 lit) c6 bd sung thém 6 ml dung dich
phenol d6 0,2%. Mbi truong dugc khir tring & didu kién 0,5 atm (115°C trong 15
phiit), sau d6 1am ngudi téi ~50°C thi bd sung 100 ml dung dich ure 20% (da duoc
khir tring qua mang loc 0,22 um). Hat 5 ml vao mdi éng nghiém vo trung va dat
6ng thach nghiéng.

Cac ching nam men dugc cdy vao 6ng thach nghiéng va dat ¢ nhiét d6 28°C
trong thoi gian 7 ngay. Chiing nim men c6 kha ning sinh enzym ureaza s& thily phan
ure va 1am méi truong chuyén tir vang sang mau hong quan sat duoc bang mat thuong.

2.2.2.2. Xac dinh kha nang sinh polyurethanaza

Céc chung nim men duoc nudi lic trén méi trudng khoang dich thé co bd
sung Impranil 3,0 g/lit, & nhiét d6 30°C trong thoi gian 5 ngay, toc do lic 250
vong/phat. Hat 100 pl dich nuéi nho vao cac 16 da duc sin trén dia moi trudng
khoang thach chira Impranil 1am ngudn cacbon va ning luong duy nhat. Dit dia
thach ¢ nhiét do 30°C trong thoi gian tir 18+20 gid. Nhudm dia thach bang dung
dich Coomassie blue R-250 0,1% (w/v), chung c6 hoat tinh thity phan PPU tdt s&
lam mét mau Coomassie blue tao mau tring sang [6]. Pdi ching 1a mau méi trudng
khoang vo trung.

2.2.3. Pdnh gid tic ddng ciia ndm men doi véi tinh bén ciia tdm xop PPU

Chuén bi cac miéng x6p PPU véi kich thude 15 x 3 x 3 (cm) dat trong lo thuy
tinh chira 300 ml méi truong khoang dich thé, khir tring tai 4p suat 1 atm & 121°C
trong 20 phut. Té bao ndm men duoc thu tir cac khuan lac trén moi truong thach
Hansen va tao thanh dich t& bao nAm men v6i moi truong khoang dich thé (mat do
10° t& bao/ml dich khoang). B sung 10 ml dich t& bao ndm men vao binh thi
nghiém, miu ddi chimg khong bo sung vi sinh vat.
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Céc binh thi nghiém va déi chimg dugc nudi lic ¢ 150 vong/phit, nhiét do 30°C
va theq doi mot s6 chi ti€u k¥ thuat vé mau sac, luc kéo dut, dc;) giép dai khi dut tai cac
thoi diém 7 ngay, 14 ngay, 21 ngay va 28 ngay (so sanh vi mau doi chung).

3. KET QUA VA BAN LUAN

3.1. Lam giau va phan lap niAm men tir miu xép PPU thai loai

Vit liéu xop PPU duoc thay ra sau 6 nam su dung trong thung nhién liéu cua
may bay Su-30 dugc s dung nhu ngudn vi sinh vt ban dau dé lam giau cac loai
nam men co6 kha nang phan huy vat liéu nay. Qua trinh lam giau dugc tién hanh
trong mdi trudng khoang dich thé chira Impranil 1am ngudn cacbon va ning luong
duy nhét. Kha nang sinh truéng cta vi sinh vat sau 7 ngay duogc danh gia dya trén
hoat do enzym ngoai bao (esteraza) so voi ban dau. Mau lam gidu qua lan cay
chuyén thr 3 dugc su dung dé phan lap, két qua thu dugc 6 chung nim men trén moi
truong Hansen véi dic diém khuén lac va hinh thai té bao khac nhau (bang 1).

Bang 1. Cac ching nim men phén 1ap tir mau xop PPU thai loai tir may bay Su-30

Ky hi¢u Hinh thai khuan lac Hinh thai té bao

BHHI

Bé miit khuan lac kho, mau trang duc. Té bao hinh que, kich thudc

Kich thu6c khuan lac, @ 5+7 mm 4+5um

BHH2

Kl}uén~lac nho, bé mat trang béng, Te 132‘10 hinh elip, n6i nhau thanh
vien re xung quanh. Gia chuyén | chudi, kich thuéc 5+7um
mau den. Kich thudc @ 3+5mm
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BHH3
B¢ mit nhdn bong, vién ré xung | Té bao hinh trimg, ndy chdi, kich
quanh. Gia chuyén mau den. Kich | thuéc 5+7pum
thudc thay doi theo thoi gian, ©
3+5mm

BHH4
Bé mit k}luél} lac mau vang ngh¢ Té bao hinh trung, kich thudc
béng, vién ré xung quanh, kich | 3+4um
thudc @ 5+7mm

BHHS5
Bé még khllén‘lac ~tlr(‘)n bong va Té bao hinh trimg tao thanh chudi,
uodt, vién reé vién ré xung quanh, | kich thudc 5+7um
kich thudc @ 3+5mm
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.‘ TodE Gna

BHH6 N

Khuén lac to tron, mau tré'ng stra, mat Té& bao hinh tron, kich thude 3 pm
nhan bong, kich thudc @ 3+5mm

Céac chung ndm men di phan 1ap va tinh sach duoc nghién ctru vé kha nang
giy tac dong pha hay vat liéu xdp PPU. Thi nghiém duoc tién hanh Vi vat liéu x6p
PPU chua qua sir dung, dua vao mdi trudng khoang dich thé nhu ngudn cacbon va
ning luong duy nhat. Kha ning san sinh ra cac enzym ngoai bao tac dong 1én vét
liéu nhu ureaza va polyurethanaza ciia 6 chung nim men da phan lap duoc danh gia
mot cach dinh tinh trén moi trudng thach chira co chit twong tng la ure va
polyurethan (hinh 2).

Két qua thi nghiém cho thiy trong sé 6 chung phan lap duoc thi 4 ching
BHH2, BHH3, BHH4, BHHS5 c6 kha néang san sinh cd 2 enzym polyurethanaza
(hinh 2A) va ureaza (hinh 2B). Dua trén kich thudc vong phan huy mau sang tring
trén moi truong thach chira PU khi nhudm bﬁng dung dich Coomassie blue 0,1%,
mirc d6 sinh enzym cua 4 ching dugc xép theo thir tu giam dan BHH3 > BHH4 >
BHH2 > BHHS. Hai chung BHH1 va BHH6 déu khong sinh enzym ureaza ciing nhu
polyurethanaza.

Hinh 2. Banh gia so b hoat tinh cac enzym polyurethanaza (A) va ureaza (B) cua 6
chung ndm men phan 14p tir mau PPU thai ciia may bay SU 30 ¢ sén bay Bién Hoa.
(ky hi¢u xép thu ty tur 1 dén 6 tuong tng véi tén chung BHH1 - BHHO6).
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Bén canh do, tac dong cuia cac chung ndm men phan 1ap 1én vat liéu PPU dugc
danh gid qua thi nghiém nudi cac chung nay trong mdi truong khoang chtra cac
manh PPU chua qua st dung nhu ngudn cacbon va ning luong duy nhat. Cac 6ng
thi nghiém dugc nudi & nhiét do 30°C & toe @6 lac 150 vong/phut trong thoi gian 7
ngay (hinh 3).

BH BH BH  gH BH BH
H1 H2 H3 H4 H5 H6 p/c

Hinh 3. Danh gia dinh tinh tac dong ctia 6 chung ndm men trén vat liéu PPU

Két qua cho thiy hai ching BHH3 va BHH4 da lam chuyén mau cta x6p PPU
mot cach 1d rét so voi cac chung con lai va d6i ching (hinh 3). Pic biét chung
BHH3 d3 bién d6i mau miéng x6p PPU tir vang nhat sang nau dam, c6 thé dé& dang
quan sat thdy bang mat thuong. Sy bién doi mau nay c6 thé do (i) sinh khéi vi sinh
vat phat trién trén bé mat vat liéu va (i1) tac dong phan huy vat liéu do cac enzym
ngoai bao tlr vi sinh vat. Piéu nay duoc 1am rd bang thi nghiém vé phan huy PPU
x6p do ching ndm soi Cladosporium pseudocladosporioides, cic soi ndm bam vao
tam x&p 1am chuyén mau den cta tdm x6p, sau thoi gian thir nghiém 21 ngay, ching
nam nay da lam thay ddi hinh dang, kich c¢& va trong luong so voi cac mau doi
ching khong ¢ chiing ndm soi nay [2].

3. Panh gia tic déng ciia chiing nAm men BHH3 téi vt liéu PPU qua thi
nghiém gia tdc trong diéu kién phong thi nghiém

Bién d6i vé mau sic ctia vat lidu x6p PPU str dung lam 16p dém trong thing
nhién liéu trén canh mdy bay thé hé 4 1a mot trong nhimng dau hiéu 1am can cir dé
quyét dinh thay thé 16p dém nay. Dé nghién ctru chi tiét tac dong pha hity ctia ching
BHH3 t6i vat liéu x6p PPU, nhém tac gia di tién hanh danh gia mot s6 thong sb ky
thuat cha yéu cta vt lidu (nhu d6 bén kéo dut, ciu triic bé mit) trong méi trudng co
mat chung vi sinh vat nay. Thi nghi€ém duoc theo doi trong thoi gian 28 ngay theo
tiéu chuan thir nghiém [1].

80 Tap chi Khoa hoc va Céng nghé nhiét d&i, S6 12, 10 - 2017



Nghién ctru khoa hoc cng nghé

Hinh 3. Thi nghiém gia téc danh gia tic dong pha huy clia chung nAm men
BHH3 d6i v6i vat liéu x6p PPU
Al - Mau ban dau; A2 - Méu thtr nghiém sau 28 ngay; B- hinh anh vat liéu trugc va sau
khi xtr 1y véi chung BHH3; C‘l - Hinh anh SEM cua bé m:ét vat liéu trudc thi nghiém;
C2 - hinh anh SEM cua bé mat vat liéu sau 28 ngay tiép xuc voi chung BHH3
Cac chi tiéu ky thuat vé luc kéo dut va do gian dai khi dut duge phan tich tai
Vién Nghién ctru Ung dung quan nhu/Tong cuc Hau can cho thay tac dong pha huy
10 rét cua ching nam men BHH3 d6i véi vat li¢u xop PPU (bang 2).
Bang 2. Panh gia chi tiéu k§ thuat cua vat liéu xdp PPU duéi tac dong
pha huy cua chung ndm men BHH3

s en 1o A Phwong phap MAiu doi MAu thi nghiém c6
Chi tiu ky thuat phan tich chirng nam men BHH3
Luc kéo dit, N/m” ASTM D3574-03 12,6 11,8
Do gian dai khi dat, % | ASTM D3574-03 335 249

Tinh bén cta vat liéu dugc danh gia dya trén hai chi tiéu do bén kéo dut (luc
kéo dut) va chi sé do gidn dai khi dat. Két qua thu dugc tai bang 2 cho thay sau thoi
gian tiép xuc voi chung BHH3, vat li¢u Xép PPU chiu luc kéo dut thép hon
(11,8N/m?) so v&i mau dbi chung (12,6 N/m?). Bén canh d6, do gian dai khi dut cua
vat liéu bi giam dang ké, chi dat muc 249% so vdi 335% & mau dbi chung (twong
ung voi muc giam 25,6%).
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Nhu vay, qua thi nghiém gia téc danh gia tinh ben cua vat liéu x6p PPU dudi
tac dong cua chung nim men BHH3 co6 thé két luan ring chung vi sinh vat nay co
kha ning lam thay d6i mau sac cta vat lidu, dong thoi 1am giam d6 bén kéo dirt toi
mirc 25% so véi diéu kién khong co tic dong cua vi sinh vat. Pay 1a mot minh
chimg 1y giai cho tinh trang thoi gian st dung vét liéu PPU bi rit ngan & diéu kién
khi hau Viét Nam khi trong moi truong lam viéc c6 mat cac loai vi sinh vat tuong tu
nhu BHH3.

4. KET LUAN

- Chung ndm men BHH3 duoc phan Iap tur vat li¢u xép PPU thai loai tr thung
nhién liéu cua may bay Su-30 tai san bay Bién Hoa qua budc lam giau va phan lap
trén mai truong dac hiéu. Chung nay c6 kha nang sinh cac enzym ngoai bao ureaza va
polyurethanaza & mtc cao, do vy gdy tac dong pha hiy cao ddi véi vt liéu xop PPU.

- Chung BHH3 1am thay d6i mau sic ciia x6p PPU tir vang nhat sang ndu chi
sau 7 ngdy trong diéu kién thir nghiém gia toc. Cac chi sb do bén kéo dut va do gidn
dai khi dut cia miu thir nghiém sau 28 ngiy tha nghiém c6 gia tri twong Ung
11,8N/m? va 249% thip hon so véi mau dbi chimg twong tmg 1a 12,6 N/m?* va 335%,
thé hién muc pha huy cao ciia chung BHH3 trén vt liéu xp PPU trong diéu kién sir
dung trong thung nhién li¢u cua may bay Su 30 ¢ san bay Bién Hoa.

TAI LIEU THAM KHAO

1. ASTM G21-96, Standard practice for determining resistance of synthetic
polymeric materials to fungi.

2. Barraged J.A., Malfavon L.D., Suarez M.V., Hermandez R.G., Osorio G.A.,
Tavera H.L., Biodegradative activities of selected enviromental fungi on a
polyester polyurethane varnish and polyester polyurethane foams, Applied
Enviromental Microbiology, 2016, 82(17):5225-5235.

Bayer O., Polyurethanes. Mod Plast, 1947, 24:149-152.

4.  Biffinger J.C., Barlow D.E., Cockrell A.L., Cusick K.D., The applicability of
Impranil DLN for gauging the biodegradation of polyurethanes, Polymer
Degradation and Stability, 2015, 120:178-185.

5. Crabbe J.R., Campbell J.R., Thompson L., Wivatalz S., Schultz W.W.,
Biodegradation of olloidal ester-based polyurethane by soil fungi,
International Biodeterioration & Biodegradation, 1994, 33:103-113.

6. Howard G.T., Hilliard N.P., Use of Coomassie blue polyurethane interaction
in screening of polyurethanase proteins and polyurethanolytic bacteria,
International Biodeterioration and Biodegradation, 1999, 43:23-30.

7. Howard G.T., Ruiz C., Hilliard N.P., Growth of Pseudomonas chlororaphis on
a polyester polyurethane and the purification andcharacterization of a

polyurethane  esterase  enzyme,  Internaional  Biodeterioration &
Biodegradation, 1999, 43:7-12

82 Tap chi Khoa hoc va Céng nghé nhiét d&i, S6 12, 10 - 2017



Nghién ctru khoa hoc c6ng nghé

8. Kambe T.N., Onuma F., Akutsu Y., Nakahara T., Determination of the
polyester polyurethane breakdown products and distribution of the
polyurethane degrading enzyme of Comamonas acidovorans Strain TB-35, .
Fermentation Bioengineering, 1997, 83(5):456-460.

9.  Shah A.A., Hasan F., Hameed A., Ahmed S., Biological degradation of plastics:
A comprehensive review, Biotechnology Advances, 2008, 26:246-265.

10. Shah Z., Gulzar M., Hasan F., Shah A.A., Degradation of polyester
polyurethane by an indigenuosly developed consortium of Pseudomonas and
Bacillus species isolated from soil, Polymer Degradation and Stability, 2016,
134:349-356.

SUMMARY

STUDY ON YEASTS ISOLATED FROM POLYESTE POLYURETHANE
FOAM USED IN SU-30 MK2 AIRCRAFT'S FUEL TANK
AT BIEN HOA AIRPORT

In the present study, six strains of yeast were isolated from the broken PPU
foam, which has been used in Su-30 MK2 aircraft for 6 years at Bien Hoa airport.
Strain BHH3 was determined as a yeast candidate capable of producing
polyurethanase and urease to break down PPU. In liquid mineral medium
supplemented with PPU as the only carbon and energy sources, the strain BHH3
grew and attached to the PPU foam surface, and changed its colour from light
yellow to brown just after 7 days at 30°C. After 28 days testing, the tensile strength
and elongation at break in the PPU foam was reduced significantly, reaching
11.8N/m” and 249%, in comparison with that of the control of 12.6 N/m?* and 335%,
respectively.

Keywords:  Biodegradation,  polyester  polyurethane,  yeast, foam,
polyurethanase, esterase.
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