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béo, xycloaliphatic hodc thom (Ai), it nhit mot hop chét wa nude (Aii) chira it nhat mot
nhém chét c6 kha ning phan Gng véi isoxyanat va ¢6 kha ning 1am cho chét tién tring
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Linh vwe k¥ thuat dwgc dé cap

Sang ché dé cap dén ché pham polyuretan dang nudce c6 the dong ran bang ning luong
co nguén géc sinh hoc, chat phli, muc in hodc vecni pht sau in bao gom ché pham nay va

phuong phap phtt bé mat bang ché pham nay.
Tinh trang k§ thuit cia sang ché

Céc polyme gbec nude c6 thé dong rén bing ning lwong da duge két hop trong nhidu
nam v&i sy phat trién cua céc chét phén tan polyuretan ¢6 thé dong ran bing ning lugng méi
(thudong duoc goi 14 UV-PUD). Céac san phdm nay két hop lai nhitng loi ich dang ké cua cac -
cong nghé gde cua ching trong mot san phim duy nhét va ting tinh bén viing ctia chat phi 1én
chp d6 yéu cdu tiép theo. Chung dap Gmg cic quy dinh v& mdi trudng do ban chit gde nude va
mirc d6 thap cta cic hop chat hitu co d& bay hoi. Nhiét do tao thanh mang t6i thiéu (MFFT)
ctia chiing thip va khong yéu cau sir dung cac dung moi két hop bd sung gop phan lam ting

lugng khi thai.

Hau hét cac UV-PUD trén thi trudng van dua trén nguyén lidu tho dén tir cac ngudn hoa
thach. Pé thu dwoc cdc hop chét than thién véi moi trudng hon, cac ngudn tai nguyén hoa dau
duge thay thé bang cac nguyén lidu thd tu nhién. Cac hop chét ngudn gbc sinh hoc, hodc cac
hop chat dua trén nguyén liéu tho tir cac ngudn c6 thé tai tao, 1a nhitng vt liéu bao gdm sinh
khéi va vat liéu c6 thé dugc bd sung lién tuc bé‘mg qué trinh tai tao ngén han dén trung han.
Sinh khéi 1a vét liéu gdc sinh hoc khong bao gém vét liu nim trong sy hinh thanh dia chét

va/hodc hda thach; thuong li€n quan dén thuc vat.

Bén canh sy déng gép manh mé& cua ching vao tinh tuin hoan, viée sir dung polyme
sinh hoc dang gitip gidm déng ké lwong khi thai cacbon vat lidu c¢6 thé dugce bidu thi bang gam
CO, trén mdi kilogam polyme. C6 mdt mbi lo ngai 16n vé sy gia ting O at cta khi nha kinh
trong khi quyén (dic biét 1a cacbon dioxit tir qué trinh bién ddi tai nguyén hoa thach cua con
ngudi — mat khoang mot triéu nam dé dwoc luu trit lai trén trai dat). Viéc sir dung cacbon tai

tao giai quyét sw mat cén bang chu trinh bng mot dé xuét vé luong khi thai cacbon trung tinh,
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xem xét r?mg CO, thai ra trong khi quyén dén tir cing mot Iugng ¢d dinh CO, cua thyuc vat

trong qua trinh quang hop cua chung.

Mbt s6 UV PUD c6 nguyén liéu thd gbe sinh hoc da c6 mat trén thi truong. Tuy nhién,
mong muén thu duge UV PUD c¢6 ham luong cacbon sinh hoc cao mang lai cac dac tinh bén
vitng manh mé& va co thé mang lai hiéu suit chét phu tdt voi do bén cao va gia ting tic dong

bén ving.

Hon nita, mong mudn 13 sir dung cac nguyén lidu tho an toan hon bang cach vi du: tranh
st dung chét xtc tac thiéc, bisphenol A hoic chit nhii hoa alkyl phenol alkoxyl hoa, dé thu
duge UV-PUD bén viing hon. Do d6, muc dich cia sang ché 13 thu duoc UV-PUD c6 ngudn

gdc sinh hoc dé giai quyét mot sd hodc tat ca cic vén d& han ché duoc dé cap o day.
Ban chit ky thuit ciia sang ché

M6t cach dang kinh ngac, ngudi ndp don da phat hién ra polyuretan dang nudce ¢ thé
dong rén bang ning lugng c6 ham lugng cacbon sinh hoc cao, c6 kha néng tao ra cac chét phu
¢6 hiéu suét t6t nhu chéng triy xudc do déng dinh va khang dung moi, dong thoi duy tri mic

MEFFT thap va VOC thép.

Theo d6, khia canh thi nhit cua sang ché d& cap dén ché pham polyuretan dang nudc c6

thé dong rén bang ning lwong gbc sinh hoc bao gom:

it nhAt mot chét tién trung hop polyuretan khong bio hoa vé mit etylen (A) thu dugc tir

phan tng cua:

e it nhat mot hop chat polyisoxyanat (Ai) béo, thom hodc xycloaliphatic;

e it nhAt mot hop chét va nude (Aii) chra it nhat mot nhém chit c6 kha ning phan
ung vGi isoxyanat va c¢6 kha nang lam cho chét tién trung hop polyuretan phan
tan trong mdi trudng nudc true tiép hodc sau phan tng véi chat trung hoa hitu co
hodic vo co dé tir d6 tao ra mudi,

e it nhit mot hop chit khong bdo hoa vé mit etylen (Aiii), co ban chita mot nhém

chat c6 kha nang phan trng vdi isoxyanat,
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o it nhit mot hop chit khong bdo hoa vé mit etylen (Aiv), chira it nhat hai nhém

chat ¢6 kha niang phan tng véi isoxyanat,

tlty chon, it nhat mot hop chét khong bao hoa vé mit etylen (B) khac véi (Aiii) va (Aiv)

khong c6 nhom chat ¢6 kha nang phan tng voi isoxyanat,

trong d6 cac hop chit khong bio hoa vé mit etylen (Aiii), (Aiv) va (B) mdi loai ¢6 ham
lugng cacbon sinh hoc 16n hon 20% khéi lwong cua tong ham lwong cacbon cla hgp chit, va
thu duoc bing cach cho hop chét khong bao hoa v& mit etylen phan tng véi hop chat c6 ngudn
géc sinh hoc, theo d6 ham luong cacbon sinh hoc duge xdc dinh theo ti€u chuin ASTM
D6866;

trong d6 hop chit khong bao hoa vé mit etylen (Aiv) dugce tao ra véi tir 0 dén 40% khéi
lwong bisphenol A, tét hon 1a khong c6 bisphenol A dua trén khéi lugng cta hop chét (Aiv); va
trong do ché phdm nay bao gdm tong luong cac nhém khong bdo hoa vé mit etylen c6 kha
ning trung hop it nhat 13 0,5 meq/g dugc bidu thi trén tdng khdi luwgng cta ché phim
polyuretan, t5t hon 13 it nhét 1a 1 meq/g, tét hon nita it nhat 14 2 meq/g, t6t nhat 1a it nhat 3
meq/g, tot nhat nita 1a it nhat 13 4 meq/g.

Khia canh thtt hai ctia sang ché d& cap dén quy trinh tao ra ché pham polyuretan dang

nude ¢6 thé dong ran bang nang lwgng ¢6 ngudn goc sinh hoc bao gdom céc budec:

(a) tao thanh polyuretan khong bao hoa tur cac hop chét (A1), (Aii), (Aiii), (Aiv), va tiy

chon (Av) va (Avi), tuy chon cé mat (B), tuy chon c6 médt mot dung moi;
(b) tuy chon, trung hoa polyuretan khong bao hoa;

(c) phan tan ché pham duoc tao thanh ¢ bude (a) hoic (b) trong nudc @ tao thanh
polyuretan khong bao hoa dd phan tan;

(d) tury chon, kéo dai chudi polyuretan khong bdo hoa dd phan tan ¢ chira cdc nhém

isoxyanat du bang cach phan tng v6i hop chét (Avi); va

e) tuy chon, loai bé dung méi xtt Iy trong didu kién chan khong.



48948 o

Theo mdt khia canh nita, sang ché dé cép dén chat phu, muc in hodc vecni phu sau in
duoc tao ra tir ché phdm polyuretan dang nude c6 the dong ran bang nang lurong c6 nguon goc

sinh hoc.

Theo mot khia canh khac nita, sang ché dé cap dén phuong phap phu hodc in bé mit
bing ché pham polyuretan dang nudc co thd dong rén bang ning lugng gbe sinh hoc, bao gdm

cac budc:

e 4p dung ché pham néi trén 1én bé mat,

e lam kho bing nhiét ché pham dugc ding

e dong rdn bang ning lugng ché phim da dugc lam kho bang cach sir dung dnh
sang tia cyc tim nang lugng thap (LED) hodc anh sang tia cuc tim ning lugng
cao, bao gdm anh sang excimer, voi sy ¢ mit cla chét khoi mao quang héa

va/hodc tiép xtc véi chum dién tir ndng lugng cao.
Mo ta chi tiet sang che

Nhu duoc str dung & day, cum tr “hop chét géc sinh hoc” hoac “hop chét sinh hoc” hodc
"hop chit c6 ham lugng cacbon tir cac nguodn tai nguyén thién nhién hodc tai tao" hodac “hop
chét c6 ham lugng cacbon sinh hoc” hodc “hop chét c6 ham luong cacbon gbc sinh hoc” ¢6 thé
dwoc st dung thay thé cho nhau va tht ca déu dé cap dén cac hop chét c6 ngudn gdc tir hodc
duoc tao ra tur cac nguén tai nguyén tai tao ty nhién, chéng han nhu, vi duy, sinh khdi hodc céac

ngudn gde tir thue vat.

Viéc st dung céac hop chét ¢ nguén géc sinh hoc c6 thé dugc phat hién nho sy ¢6 mit
cia cac nguyén tir cacbon 14C. Cacbon c¢6 thé ton tai dudi dang hon hop cia 3 déng vi (12C,
13C va 14C). Nguyén liéu hoa thach chiura mot ty 1€ ddng vi 14C khong dang ké do qua trinh
phéan rad phéng xa tuong d6i ngan (chu ky ban ra [a 5.730 nam) trai ngugce véi nguyén lidu tho
tai tao két hop cacbon tlr cacbon dioxit trong khi quyén thong qua qué trinh quang hop. Loai
cacbon médi nay dang cung cép mot ty 1€ déng vi 14C cao hon va dugc xac dinh tai mot thoi
diém nhat dinh do hau qua cua buc xa vii try trong khi quyén tang cao. Lugng 14C so véi 12C

xét vé téng lugng cacbon biéu thi phén trim cacbon sinh hoc trong mau, tir 0 dén 100%.
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Hién tai, c6 it nhat hai k§ thuat khac nhau d& do ham luong 14C cia mau (i) bang
phuong phap dém nhip nhay chit 1éng hodc (ii) bang phép do khdi phé trong d6 miu dugo
bién dai thanh CO,va sau d6 duge khir thanh than chi dé phan tich trong khoi pho ké dé tach
cac nguyén tir 14C ra khoi cac nguyén tir 12C va xac dinh ty 1€ cta chung. Tét ca cac phuong
phap do ham lugng 14C cua cac chit dugc md ta rd rang trong tiéu chudn My ASTM D 6866
hodc ASTM D 7026 ciing nhu trong ti€u chuin Chau Au EN 16785 hoic EN 16640.

Céc gia tri ctia ham luong cacbon goc sinh hoc theo sang ché dugc do bang cach su

dung giao thire khéi phd gia toc duge mé ta trong tiéu chuan ASTM D 6866.

Theo sang ché, khi dugc d& cap rang mot hop chét c6 vi du: it nhit 20% khdi lugng
cacbon sinh hoc, didu nay c6 nghia 12 20% khéi lwgng cacbon 1a tir ngudn gbc sinh hoc xét trén

tong ham luong cacbon.

Trong pham vi cua sang ché nay, ché pham polyuretan dang nudc c6 thé dong rén bing
ning luong c6 ngudn gbc sinh hoc cling ¢6 thé phéan hity sinh hoc va/hodc c6 thé phéan huy hitu

co va/hodc trong thich sinh hoc.

Khé ning phan hiy sinh hoc 1a kha nang cta chinh vat liéu hodc vt liéu sau khi duoc
déng rin bang ning lugng, bi phan hity thanh cic phén tr nho hon (nhu nudc, cacbon dioxit,
metan va sinh khéi) do twong tac v&i céc vi sinh vat tu nhién (nhu vi khuén, tao hodc nim) cé

trong sinh canh.

Khé& ning phan hay hitu co 12 kha nang cta chinh vt li¢u hodc vét liéu sau khi dugce
déng rin bing nang luong, duge st dung trong phén tron, tic la dugc ddng hoa trong qué trinh
sinh hoc wa khi bién déi chit thai hitu co thanh vét liéu phan hiy 6n dinh dugc st dung dé bon

phén va diéu hoa dat.

Kha nang twong thich sinh hoc 1a kha ning cua chinh vat liéu hodc vét liéu sau khi dugc
dong rin bing nang lugng, twong thich v6i mo6 sng. Vit liéu twong thich sinh hoé khong tao ra
phan tng ddc hai hoac mién dich khi tiép xtic véi co thé ngudi hode dong vat hodc chét dich co
th va ¢6 thé duoc sir dung lam (hodc mét phin ctia) cdy ghép, bo phan gia hodc bat ky chirc

nang thay thé nao khéic trong co thé sbng.
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Céc san pham c6 thé dwoc thir nghiém vé kha niang phan huy sinh hoc va kha nang phéan
huy hitu co. Chang han, nhitng sén pham c6 nhin “OK compost industrial” cia TUV
AUSTRIA dugc dam bao 1a ¢6 thé phan hily sinh hoc trong nha may 4 phan cong nghiép theo
tiéu chudn hai hoa EN 13432:2000. Twong tu, nhan “OK biodegradable” co6 thé duoc chi dinh

cho moi truong dat, nude va bién dua trén cac giao thic thit nghiém cu the.

Nhu duge st dung & déy, “hop chat khong bao hoa vé mit etylen” duoc ding dé chi hop
chét bao génﬁ nhém khong bdo hoa vé mit etylen c6 kha ning trung hgp. Nhom khong béo hoa
vé& mit etylen ¢6 thé trung hop ¢6 nghia 14 lién két d6i cacbon-cacbon chiu anh huong cua chit
khoi mao va/hodc chiéu xa, cudi cling v&i sw ¢ mit cla chit khoi mao quang hoa, c6 thé trai
qua phan tng trung hop gde. Cac nhém khong bdo hoa vé mit etylen c6 thé trung hop thuong
dugc chon tir cac nhdm (meth)acrylic, t6t hon 1a cac nhém (meth)acrylic, t6t nhét 13 cac nhom
acrylic. Trong sang ché nay, thuat ngit (meth)acrylic” dugc hiéu 12 bao gdm ca nhom acrylic va

metacrylic ¢ trong hop chit mét cach riéng biét hodc & dang hon hop ctia ching.

"Chu yéu gdm" ¢ nghia cu thé 14 tong phan trim khéi luong cia cac hop chit nay
chiém it nhit 95% khdi luong, tot hon 1a it nhit 97% khdi lugng, t6t hon nita 14 it nhit 99%
khdi lugng 18n dén 100% khdi luong.

Nhu duge sir dung & day, "rugu" ¢6 nghia la ca monool va polyol. "Rugu don chirc hodce
don chire ruou" dung dé chi hop chit bao gdm mot nhém hydroxyl (OH); "polyol” dung dé chi
mdt hop chét bao gdm it nhét hai nhém hydroxyl (OH).

Ché phdm dang nude co thé dong ran bang nang lugng co ngudn gde sinh hoc.

Ché phim dang nuéc c6 thé dong ran bang ning luong c6 ngudn gde sinh hoc bao gdm
chét tién tring hop polyuretan (A) va tily chon hop chét khong bao hoa vé mit etylen (B), ¢6
thé 1a chét phan tan trong nude, tic la cac hat rin trong nudc, hodc nhil tuong chira nude, tic 1a
céc giot chit 16ng trong nude. N6 ciing cb thé cing ton tai dudi dang hdn hop giita chat phan

tan va nhil tuong.

Ché phim dang nudc c6 thé déng rin bang nang lugng c6 ngudn gbc sinh hoc chira it
nhit 0,5 meq nhém khong bio hoa vé mit etylen c6 thé tring hop trén téng khéi lwong tinh

bing gam cua ché pham. Tét hon 1a s6 lwong nhom chire khong bdo hoa vé mit etylen c6 thé
6
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trimg hop it nht 1a 1 meq/g, tét hon nita it nhat 12 2 meq/g, tham chi tot hon nita it nhét 1 3
meq/g, tot nhit 13 it nhit 4 meq/g nhom chirc khong bao hoa v& mit etylen c6 thé tring hop

trén tong khéi lwong tinh bang gam ctia ché pham.

Luong nhom chuc khong bao hoa vé mit etylen trén téng khéi lwong duge tinh tir ché
pham polyme da biét (hoa don vat liéu). N6 thudng dé cap dén luong axit (meth)acrylic hodc
glyxidyl(meth)acrylat c6 trong toan b ché pham polyme. N6 ciing c6 thé duoc do bing chuan

dd. No6 duge biéu thi b?,tng meq cua do khong bao hoa trén moi gam ché phém polyme.

Ché pham dang nuée c6 thé déng ran bang ning lugng c6 ngudn gdc sinh hoc theo séng
ché thudng c6 tdng ham luong chat ran nim trong khoang tir 30 dén 65% khéi lwong, tot hon 1a

tir khoang 35 dén 50% khéi lwong, t6t nhat 1a tir khoang 35 dén 40% khéi luong.

Ché phdm dang nude co thé dong rén bang ning luong c6 ngudn gbc sinh hoc thudng cd
d6 nhot duge do & 25°C trong khoang tir 10 dén 1.000 mPa.s, t6t hon 1a tir 10 dén 200 mPa.s,
t6t nhat 13 tir 10 dén 100 mPa.s; gia tri pH tir 6 dén 9, t6t hon 1a tir 7 dén 8, kich thuéc hat trung
binh nim trong khoang tr 10 dén 1000 nm, t6t hon 1a tir 50 dén 150 nm, t6t nhat 1a tir 50 dén
100 nm.

Theo mdt phwong an, ché pham polyuretan dang nudc c6 thé déng rin bang ning luong
co nguén géc sinh hoc ¢6 ham lwgng cacbon sinh hoc 16n hon 20%, t6t hon 12 trén 40%, tdt
hon nita 13 trén 50%, tham chi t6t hon nita 1a trén 60%, tdt nhat 13 trén 70%, tot nhat 13 trén
80% khéi luong cua tong ham luong cacbon trong ché phdm polyuretan. it nhit cac hop chat
(Aiii) va (Aiv) c6 ham lwong cacbon sinh hoc it nhét 1a 20% khéi lwong. Didu duoc wu tién 1a
cac hop chat khic ciing duge st dung dé tao ra chit tién tring hop polyuretan (A) c6 ham
lugng cacbon sinh hoc it nhat 1a 20% khdi luong. Ngoai ra, tiry chon hop chét khong bio hoa

vé mit etylen (B) c¢6 ham lugng cacbon sinh hoc 16n hon 20% khéi luogng.

Ché phdm dang nudc c6 thé déng ran bang nang lugng c6 ngudn gbe sinh hoc theo sang
ché c6 muic giam khi thai cacbon vat liéu it nhit 1a 250g CO,/g, tot hon 13 it nhit 14 500g
CO,/kg, tot hon nita 1a it nhat 1a 750g CO»/Kg, t6t nhét 14 it nhit 1000g CO,/Kg, tot nhét nita 1a
it nhat 1500g CO,/Kg.
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Ché phim dang nuée c6 thé déng rin bang ning lugng c6 ngudn gde sinh hoc theo sang
ché ¢6 MFFT thép, tét hon 14 MFFT nam trong khoang tir 0 dén 20°C, t6t hon nita 14 tir 0 dén
10°C, tét nhat 14 tir 0 dén 5°C.

Khdi luong phén tir trung binh (Mw) cua chat tién tring hop polyuretan (A) theo sang
ché tot hon 1a dudi 100.000 Dalton, dién hinh 13 duéi 20.000 Dalton, dién hinh hon 1a duéi
10.000 Dalton. Néi chung khéi luong phan tir trung binh (Mw) it nhat 13 1.000 Dalton, thudng
it nhat 1 2.000 Dalton, thong thudng it nhét 13 3.000 Dalton.

Khéi lwong phén tir thuong dwoc xac dinh bang sic ky thdm gel (GPC) st dung céc tiéu
chudn polystyren bao trim pham vi do. Cac mau thuong duogc hoa tan trong tetrahydrofuran

trude khi loc va bom vao cét sac ky.

Céc doan sau day mo ta cac phuong an cua cac hop chat khac nhau c6 thé duge st dung

dé tao ra chét tién trung hop A.
Hop chit polyisoxyanat (A1)

Hop chat polyisoxyanat (Ai) 1a hop chit hiru co bao gém it nhit hai nhém isoxyanat.
T6t hon 13, hop chat polyisoxyanat bao gdm khong qui ba nhém isoxyanat. Hop chét

polyisoxyanat (Ai) tot nhét 13 di-isoxyanat.

Hop chét polyisoxyanat thuong duge chon tir céc polyisoxyanat béo, xycloaliphatic,

thom va/hodc di vong hodc hon hop clia ching.

Vi du vé polyisoxyanat béo va xycloaliphatic 1a 1,6-diisoxyanatohexan (HDI), 1,1'-
metylen bis[4-isoxyanatoxyclohexan] (H12MDI), 5-isoxyanato-1-isoxyanatometyl-1,3,3-
trimetyl xyclohexan (isophoron diisoxyanat, IPDI) va 1,3-diisoxyanatometyl xyclohexan
(H6XDI). Vi duy, cac polyisoxyanat béo chira nhiéu hon hai nhém isoxyanat 13 din xuét vong

cua cac diisoxyanat da de cap o trén nhu 1,6-diisoxyanatohexan biuret va isoxyanurat.

Vi du vé polyisoxyanat thom la 2,4-toluen diisoxyanat (TDI), 1,1'-metylenbis[4-
isoxyanatobenzen] (MDI), m-xylilen diisoxyanat (XDI), tetrametylxylilen diisoxyanat
(TMXDI), 1,5-naptalen diisoxyanat (NDI), 4,4'-dibenzyl diisoxyanat (DBDI), tolidin
diisoxyanat (TODI) va 1,4-phenylen diisoxyanat (PPDI).

8
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Polyisoxyanat t6t hon 12 duge chon tir cdc polyisoxyanat béo va xycloaliphatic. Mot vi

du trong s6 nay 1a 1,1°-metylen bis[4-isoxyanatoxyclohexan] (H12MDI).

Tét nhat 13, polyisoxyanat (Ai) c6 ngudn gbc sinh hoc ¢6 ham lwong cacbon sinh hoc
16n hon 20% khéi lugng. Polyisoxyanat (Ai) c¢6 ngudn gbc sinh hoc duge wu tién duge st dung
1a pentan diisoxyanat hodc dan xuat tir pentan diisoxyanat. Dan Xudt tir pentan diisoxyanat c6
thé 1a san pham trime héa hodc oligome héa cia pentan diisoxyanat nhu isoxyanurat, biuret,

allophanat hodc oligome, tat ca déu 1a mach thing hodc dwoc hoa khéi mot phén.

Vi du v& polyisoxynat (Ai) dua trén diisoxyanat pentan gdc sinh hoc va da c6 trén thi
treong 1a Desmodur® ECO N 7300, Stabio® D-370N hodc Stabio® D-376N. Mot vi du khac
vé polyisoxyanat (Ai) 1a Tolonat—=TM X FLO 100.

Tét hon 13, polyisoxyanat (Ai) duge tao ra tir phan g timg phan ctia hgp chat rugu
(Aia) c¢6 trung binh mét nhém chirc hydroxyl trén mdi phan tir v6i polyisoxyanat (Aib). Hop
chit ruou (Aia) t6t hon 14 ¢6 ham lugng gbe sinh hoc 16n hon 20% khdi lugng. Polyisoxyanat
uu tién (Aib) duogc st dung dua trén diisoxyanat pentan gbc sinh hoc. Polyisoxyanat (Aib)

duoc vu tién nhét 13 Desmodur® ECO N 7300, Stabio® D-370N hoic Stabio® D-376N.

Hop chat rwou (Aia) tét nhat 13 duge sir dung dé giam s6 nhém chire ciia polyisoxyanat
xubng mirc ¢6 hai nhém chire isoxyanat trén mdi phan tir truée phan tng véi (Aii), (Aiii), (Aiv)
va néu c6 (Av) va ( Avi). Hop chit ruou (Aia) ¢ trung binh mét nhém chire hydroxyl trén mdi
phan tr va co thé 12 ruou bac mot, bac hai hodc bac ba. Cau tric cua (Aia) 1a R-OH, trong do

nhom R ¢6 thé 1a chét béo, xycloaliphatic hodc chat thom.

Tét hon 14, hop chét ruou (Aia) c6 nguén géc sinh hoc ¢6 ham lugng cacbon tai tao 16n
hon 20% khéi lwong. Cac vi du wu tién v& cac hop chit rugu c6 ngudn gde sinh hoc (Aia) nhu
vay la metanol, etanol, propanol, butanol, pentanol, hexanol, heptanol, octanol, decanol,

undecanol, dodecanol hoac octadecanol c6 nguén goc sinh hoc.

Luong hop chit polyisoxyanat (Ai) duoc sir dung dé tong hop chét tién trung hop
polyuretan (A) thudng ndm trong khoang tir 10 dén 60% khéi lugng ciia chét tién tring hop
polyuretan (A), t6t hon 1a tir 20 dén 50% khéi lwong va tét hon nita 1a tir 30 dén 40% khdi

lugng.
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Hop chét wa nude (Aii)

Hop chit wa nu6e (Aii) chira it nhat mot nhom chét c6 kha ning phan tng véi isoxyanat
va ¢6 kha ning lam cho chét tién tring hop polyuretan A c6 thé phéan tan trong méi trudng

nude truc tiép hodc sau phan tng véi chat trung hoa hitu co hodc vo co dé tir do tao ra mudi.

Hop chét wa nude (Aii) thudng 13 rugu don chire hodc polyol c6 nhém chire thé hién ban
chét wa nudce ion hoic khong ion. Tét hon, 1a polyol chirta mdt hodc nhiéu nhém mudi anion,
ching han nhu nhém mudi cacboxylat, sulfonat va phosphonat hoic nhém axit ma c6 thé duoc
chuyén ddi thanh nhém mubi anion, ching han nhu axit cacboxylic, axit sulfonic hoic nhom
axit phosphonic. Uu tién 1a c4c axit hydroxycacboxylic ¢6 cong thirc chung (HO)R(COOH),,
trong d6 R 14 hydrocacbon du mach thing hodc mach nhanh c6 tir 1 dén 36 nguyén tir cacbon,
t6t hon 14 tir 2 dén 6 nguyén tu cacbon, va x va y doc 1ap 1a cac s nguyén tir 1 dén 3. Vi du vé
cac axit hydroxycacboxylic nay bao gém axit xitric , axit malic, axit glycolic, axit lactic va axit
tartric ¢6 ngudn gdc sinh hoc. Mot vi du khac 1a axit 10,16 dihydroxyhexadecanoic ¢6 ngudn
gdc sinh hoc. Céc axit hydroxycacboxylic dugc uu tién 1a cac axit o,a-dimetylolalkanoic, trong
'd6 x=2 va y=1 trong cOng thic chung trén ddy, ching han nhw, vi dy, axit 2.2-
dimetylolpropionic va axit 2,2-dimetylolbutanoic. Uu tién hon nhat 13 axit 2,2-

dimetylolpropionic.

Hop chat wva nude (Aii) ¢6 thé 1a thanh phan khong ion dwgc chon tir polyme
polyetylenoxit hydroxyl héa hodc copolyme khdi polyetylenoxit-co-polypropylenoxit hydroxyl
hoa, t6t hon 12 ¢6 ngudn gdc sinh hoc. Mt vi du vé polyme polyetylenoxit hydroxyl héa nay 14

YMER® N120.

Tét hon 13, hop chit wa nudc (Aii) ¢6 ham lugng cacbon sinh hoc 16m hon 20% khdi

lwong so v6i tong ham luong cacbon cua hop chat (Aii).

Luong hop chat wa nude (Aii) duge st dung dé tong hop chét tién tring hop polyuretan
(A) thudong ndm trong khoang tir 1 dén 30% khéi luong tinh theo téng khdi lugng cia chat tién
tring hop polyuretan (A), tot hon 14 tir 2 dén 10% khdi lwong, t6t nhét 1a tir 3 dén 6% khdi

lugng.

Hop chit khong bo hoa vé mit etylen c¢6 ngudn gbe sinh hoc (Aiii) (Aiv) va (B)
10
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Trong sang ché nay, hop chét khong bio hoa vé mit etylen (Aiii) co ban chira mot nhém
chit c6 kha ning phan (rng véi isoxyanat dugc dung @& chi cac hop chét bao gdm it nhat mot
nhém chirc khong bao hoa, chiang han nhu nhom acrylic hodc metacrylic, va mdt nhom chirc co
tinh 4i nhan c6 kha niang phan ung vi mot nhom isoxyanat, t6t hon 1a mot nhém hydroxyl. Uu
tién cac hop chat (meth)acryloyl mono-hydroxy, cu thé hon 1a cac hop chit poly(meth)acryloyl

mono-hydroxy. Acrylat duge dic biét vu tién. Cac nhom alylic 1a mot lya chon.

Trong sang ché nay hop chét khong bio hoa vé mat etylen (Aiv) chira it nhit hai nhom
chét phan tmg c6 kha ning phan ing v6i nhom isoxyanat duge dung dé chi cac hop chét bao
gdm it nhat mot nhom chirc khong bdo hoa nhu nhoém acrylic hodc metacrylic va it nhét hai
nhém chtre ¢6 tinh 4i nhan ¢6 kha nang phan trng véi isoxyanat, tdt hon 14 cdc nhém hydroxyl.
Uu tién cac hop chit (meth)acryloyl poly-hydroxy, cu th8 hon 1a cac hop chat
poly(meth)acryloyl poly-hydroxy. Acrylat dugc dac biét wa thich. Cac nhém alylic 1a mot Iya

chon.

Theo sang ché nay, hop chét khong bdo hoa vé mit etylen (Aiii) va (Aiv) c6 ngudn gbc
sinh hoc va m3i loai chia it nhit 20% khéi lvong ham lugng cacbon sinh hoc, tt hon 14 it nhat
25% khéi lugng, tét hon nita it nhét 1a 40% khdi lugng, t6t nhét 14 it nhat 60% khoi luong va
t6t nhét nita 1a it nhit 80% khoi luong.

Hop chit khong bio hoa v& mit etylen (Aiii) va (Aiv) va/hodc (B) ¢6 the thu dugc bang
cach cho hop chit bao gom it nhat mot nhém chire khong bio hoa vé mit etylen phan tng véi
hop chét phan tmg c6 ngudn goc sinh hoc dé tao thanh hop chat khong bdo hoa vé mit etylen
(Aiii) co ban ¢c6 mot nhém chire ¢6 tinh ai nhin c6 kha ning phdn ung vdi isoxyanat, dé tao
thanh hop chit khong bdo hoa vé mit etylen (Aiv) c6 it nhat hai nhém chire ¢6 tinh &i nhan ¢6
kha niang phan Gng vdi isoxyanat hodc d8 tao thanh hop chét khong bao hoa vé mit etylen (B)
khéng c6 nhém chirc ¢6 tinh 4i nhan c6 kha nang phan Ung v&i isoxyanat. Ngoai ra, hgp chit
bao gdm it nhat mot nhém chire khong bdo hoa co thé ¢6 ngudn gde sinh hoc. Tét hon 1a hop

chit phan tmg c6 nguén gbc sinh hoc 13 hop chit hydroxyl hodc epoxy.

Hop chit bao gdom it nhat mot nhém chirc khong béo hoa vé mit etylen c6 thé 1a axit

cacboxylic hodc este ctia n6 hodc epoxit khong bao hoa vé mit etylen.

11
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Phan tng thuong 1a phan Ung este hoa truc tiép. Khi sir dung este ctia hop chét axit

cacboxylic khong bao hoa vé mit etylen thi phan ing xdy ra la phan Gng chuyén hoa este .

Tét hon 13, hop chét axit cacboxylic khong bdo hoa vé& mit etylen dugc chon tir nhém
bao gém axit acrylic, axit metacrylic, axit maleic, axit fumaric, axit itaconic, axit crotonic, axit

xitranic, axit xinamic, axit aconitic, hodc hon hop cua ching.
T6t hon 13, epoxit khong bdo hoa v& mit etylen 13 acrylat glyxidyl(meth)acrylat.

Céc hop chit phan tmg ¢ ngudn gbc sinh hoc tot hon 1a duoc chon tir nhém bao gdm
dau hitu co hoic dan xuét dau hitu co, hop chét axit cacboxylic, axit béo va dan xuét, axit béo

dang dime va din xuat , va polyol c6 nguon goc sinh hoc va cac dan xuat cua chung.

Polyol c6 ngudn gbc sinh hoc ¢6 thé 1a polyol béo, xycloaliphatic hodc thom. Chung bao
gdm rugu béo, rugu béo dang dime, Cacbohydrat, ruou dudng va cac dan xuét cta chung. Vi
du vé cac loai polyol ¢6 ngudn goc sinh hoc khac 1a polyol nhya thong, polyol (poly)farnesen,
polyol (poly)alkylen glycol va (poly)alkylen. Cac polyol ¢6 ngudn gde sinh hoc khéc cling c6
thé 1a trimetylolpropan, ditrimetylolpropan, pentaerytritol, dipentaerytritol. Vi du vé
(poly)alkylen glycol la dietylen glycol, trietylen glycol, dipropylen glycol, tripropylen glycol,
tetraetylen glycol.

Céc din xuit polyol c6 ngudn gdc sinh hoc t6t hon 1a glycolit, lactit, lacton,
poly(alkylenoxit), ching han nhu céc dan xudt cua polyol nhu poly(etylenoxit) hodc
poly(propylenoxit). Vi du 1a sorbitol poly(propylenoxit).

DAu hitu co hodc dan xuét dau hitu co t6t hon 1a dau epoxy hoa co nguén géc sinh hoc,
t6t hon 1a duge chon tir nhém bao gdm dAu d4u nanh epoxy hoa, dau hat lanh epoxy hoa, dau
thAu diu epoxy hoa, dau dira epoxy hoa, dau ngd epoxy hoa, dau hat bong epoxy hoa, dau 6 liu
epoxy hoa, dau co epoxy hoa, dau dau phong epoxy hoa, dau huéng duong epoxy hoa, dau cay
rum epoxy hoa, dau gb thong epoxy hoa, dau vo hat diéu epoxy héa, hodc axit béo epoxy hoa
¢6 ngudn gdc sinh hoc cua ching. Thong thuong, dAu epoxy héa gdc sinh hoc dugc phan ng
v6i mot phan tr khong bdo hoa vé mit etylen mang ft nhit mot axit cacboxylic, nhu axit

(meth)acrylic.

12
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Tét hon 14, dan xudt diu hitu co 1a dan xuét cardanol. Céac vi du da biét 1a cac dan xuét
cardanol epoxy hoa, chéng han nhu Cardolite® Ultralite 513 hodc Cardolite® NC 514SG. Mot
vi du vé& dan xuit polyol c6 ngudn gbc sinh hoc khac chang han 12 nhya thong epoxy héa nhu
Altamer® RTE. Céc chit thay thé khac cho cac dan xuit dAu hiru co nay chang han nhu este
glyxidyl ctia axit versatic, nhur Cardura® E10P, hodc polyete nhém chirc epoxy c6 ngudn gbe

sinh hoc dua trén glyxerol, nhu Araldite® DY-S.

Tét hon 13, axit béo hodc axit béo dang dime ¢ ngudn gde sinh hoc 1a cac hop chét axit
béo cacboxylic, xycloaliphatic hodc thom co6 ngudn gbc sinh hoc. Vi du 1a cac axit béo mono-
cacboxylic nhu axit butanoic, axit hexanoic, axit octanoic, axit decanoic va cac axit béo poly-
cacboxylic nhu axit etan dicarboxylic, axit pentandioic, axit hexandioic, axit octandioic, axit

nonandioic, axit decandioic, axit dodecandioic.

Céc hop chét axit cacboxylic ¢6 ngudn gc sinh hoc thich hop tét hon 1a chira nhiéu hon
mdt axit cacboxylic. Vi du vé ching 1a axit maleic, axit fumaric, axit glutaconic, axit ptalic,

axit isoptalic, axit tereptalic, axit xitric hodc axit trimesic.

Axit béo ¢6 ngudn gde sinh hoc hodic axit béo dang dime c6 thé 1a axit béo no nhu axit
butyric, axit lauric, axit palmitic, axit stearic; axit béo khong bao hoa don nhu axit oleic; hodc

axit béo khong bao hoa da nhu axit linoleic.

Axit béo dang dime c6 ngudn gdc sinh hoc thu dugc tir cac axit béo trén, ddc bigt 1a tir

cac axit béo khong bdo hoa don nhu axit oleic.

Mot loai din xuét axit béo c6 ngudn gbe sinh hoc hodc axit béo dang dime va dan XUt
cu thé 13 ruou béo hoic rugu béo dang dime c6 thé thu duge truc tiép tir qua trinh bién doi hoa
hoc cta axit béo gdc hodc dime cta axit béo. Chung ciing c6 thé dwgc hinh thanh do phan g
ciia axit béo hoic axit béo dang dime vé6i polyol chang han nhu polyol ¢6 ngudn gbe sinh hoc.
Céc polyol duge wu tién 1a trimetylolpropan, ditrimetylolpropan, pentaerytritol,
dipentaerytritol, dietylen glycol, trietylen glycol, dipropylen glycol, tripropylen glycol,
tetraetylen glycol.

Tét hon 14, hop chat khong bio hoa vé mit etylen c6 ngudn gde sinh hoc (Aiii) (Aiv) va

(B) dua trén axit béo hodc céac dan xuit cta axit béo duoc tao ra bang phan Ung cla axit béo
13
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hoiic axit béo dang dime v6i polyol voi sy c6 mat cua axit acrylic va axit metacrylic. Nguoi co
hidu biét trung binh vé linh vuc k¥ thudt ma sang ché d& cap biét nén st dung phép can bing

hoa hoe ndo dé tao ra nhém chirc hydroxyl can thiét ctia cac hop chat (Aiif) hodc (Aiv).

Axit béo gbc sinh hoc hodc axit béo dang dime cling co thé phan tmg v4i phén tir khong
bdo hoa vé mit etylen mang it nhit mét nhém epoxy. Mot vi du vé phan tir nay 1a glyxidyl
metacrylat. Vi dy, axit lauric co thé phan tng can bang héa hoc véi glyxidyl metacrylat hogdc

v6i Cardolite 513 dé tao ra hop chat khong bao hoa (Aiii).

Ngoai ra, dime C36 cua axit stearic ¢6 thé phan tng can bang héa hoc v6i glyxidyl

metacrylat hoac voi Cardolite 513 8 tao ra hop chat khong bio hoa (Aiv).

Axit itaconic c6 thé phan (mg cén bang hoa hoc véi glyxidyl metacrylat hodc voi

Cardolite 513 dé tao ra mot hop chat khong béo hoa (Aiv).

Axit xitric ¢ thé phan tng mot phan hogc toan bd véi glyxidyl metacrylat hodc voi
Cardolite 513 d& tao ra hop chat khong bdo hoa (Aiv); néu trong phan tr con lai mét hodc mot

56 axit cacboxylic, ddy cling 12 vi du vé hop chét (Aii).

Ngoai ra, axit 10,16 dihydroxyhexadecanoic c6 thé phan ung mot phﬁn hodc toan bd véi
glyxidyl metacrylat hodc voi Cardolite 513 @8 tao ra hop chat khong bdo hoa (Aiv); néu trong

phén tir con lai mot hodc mot sb axit cacboxylic, day cling 1a vi du vé hop chét (Aii).

Ruou dudng c6 ngudn gbc sinh hoc hodc din xuét c6 thé 1a etylen glycol, glyxerol,
diglyxerol, triglyxerol, erytritol, arabitol, sorbitol va cac dan xuét glycolit, dan xuét lactit, ddn
xut lacton, dan xuét poly(alkylenoxit). Cac vi du khac v& din xuét rugu dudng cb ngudn gdc

sinh hoc 13 isosorbide, isomannide, isoidide.

Cacbohydrat (hodc sacarit) co thé 1a céc hop chat polyhydroxy c6 ngudn gdc sinh hoc
bao gém duong, tinh bdt va xenluloza. Cac sacarit co thé dugc chia thanh bdn nhém hoa hoc:
monosacarit, disacarit, oligosacarit va polysacarit. Monosacarit va disacarit co khéi lwong phan
tr thip hon duge goi 1a dudng va dugc uu tién trong pham vi cua sang ché nay. Vi du vé
monosacarit bao gdm glucoza, galactoza, fructoza va xyloza. Vi du vé disacarit bao gdm

sucroza, lactoza, maltoza, isomaltuloza va trehaloza. Vi du vé oligosacarit bao gbébm

14
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maltodextrin, raffinoza va stachyoza. Vi du vé polysacarit bao gdm glycogen, xenluloza,
hemiaelluloza, pectin, amyloza, amylopectin va tinh bdt cling nhu céc dan xuét cta ching bao
gdm qua trinh bién doi sinh hoc cua cic san pham nay trong cac binh phan g sinh hoc véi sy

c6 mat cua cac enzym.

Hop chat khong bio hoa vé mit etylen (Aiii) c6 s6 nhom chat c6 kha nang phan tmg véi
isoxyanat, con dugc goi 1a nhom chite ¢6 tinh ai nhan, hodc co ban la mét nhom chire. Nhom

chire ¢6 tinh 4i nhan tét hon 14 nhém hydroxyl.

Vi du v& cac  hop chdt nhu vdy 1a  hydroxyetyl(meth)acrylat,
hydroxypropyl(meth)acrylat, hydroxybutyi(meth)acrylat, hydroxyetyl(meth)acrylamit,
isosorbide mono(meth)acrylat, pentaerytritol tri(meth)acrylat, dipentaerytritol
penta(meth)acrylat, trimetylolpropan di(meth)acrylat, ditrimetylolpropan tri(meth)acrylat,
glyxerol (poly)propoxylat di(meth)acrylat, diglyxerol (poly)propoxylat tri(meth)acrylat,
sorbitol (poly)propoxylat penta(meth)acrylat. Mot vi du khiac 1a hydroxyetyl acrylat
(poly)lactit.

Hop chét khong bio hoa vé mit etylen (Aiv), c6 lwong nhém chét c6 kha ning phan ting
vGi isoxyanat, con dugce goi 1a nhém chire ¢6 tinh 4i nhéan, hodc it nhét 12 2 nhém chirc , tot hon
14 tir 2 dén 3 trén mdi hop cht, tot nhat 1a 2 trén mdi hop chit. Nhém chic ¢6 tinh 4i nhan tét

hon 1a nhom hydroxyl.

Vi du vé cic hop chit nhu vdy la pentaerytritol di(meth)acrylat, dipentaerytritol
tetra(meth)acrylat, trimetylolpropan (meth)acrylat, ditrimetylolpropan di(meth)acrylat, glyxerol
propoxylat (meth)acrylat, diglyxerol propoxylat di(meth)acrylat, sorbitol propoxylat tetra
(meth)acrylat.

Cé thé cac hop chit (Aiii), A(iv) va (B) thu dugc tir lignin dudi dang tién chat nguyén
lieu thd c¢6 ngudn gbc sinh hoc, sau qua trinh bién d6i héa hoc va sau qua trinh chuyén hoa

nhdm chirc can thiét trong pham vi cua sang ché nay.

Nhém chire mong mudn cia (Aiii) va (Aiv) thu duge bang cach kiém soat quy trinh va
ty 16 can bang hoa hoc phu hop cua hop chét bao gdm it nhat mot nhém chirc khong bao hoa vé

mit etylen va cac hop chat phan tmg c6 ngudn gde sinh hoc.
15
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Theo mdt phuong an, lugng nhom chit c6 kha ning phan ung véi isoxyanat cia hop
chat khong bdo hoa vé mit etylen (Aiv) c6 thé duoc kiém soat bing cach cho mot phén cia
nhém chit c6 kha ning phan (g v6i isoxyanat phan ing v6i hop chét tao khéi c6 kha ning
phan ting véi isoxyanat va tiy y tao ra nhom chie khéc cho phan ti. Hop chét tao khéi nhu vay
t5t hon 12 mot anhydrit vong tao ra nhém axit cacboxylic. Anhydrit succinic va maleic dac biét

dugc uu tién.

Bing cach nay, ¢6 thé kiém soat nhom chire c6 tinh 4i nhan ciia céc hop chét (Aiii) hogc
(Aiv) va ciing c6 thé thu duge polyme polyuretan A voi khdi luong phan ttr va lugng phéin

nhanh mong mudn ma khong c6 nguy co tao thanh gel.

Theo mdt phuong 4n cu thé, hop chat khong bdo hoa vé mit etylen co ngudn gbe sinh
hoc (Aiii) hodc (Aiv) va (B) ¢6 thé thu dugce bing cach

e phan g ciia diu epoxy hoéa tu nhién v&i hop chét axit cacboxylic khong bdo hoa
v& mit etylen dé thu dugc polyol khong bdo hoa vé mit etylen;
e phan rng cua polyol khong bdo hoa vé mit etylen v6i anhydrit vong dé thu dugc

polyol khong bao hoa v& mit etylen c6 it nhat mot nhém chire axit cacboxylic.

Theo phuwong 4n nay, anhydrit t5t hon 13 anhydrit vong va tot hon 13 anhydrit succinic

cua anhydrit maleic.

Theo mot phuong an, hop chét khong bao hoa vé mit etylen (Aiii) c6 sé hydroxyl nim
trong khoang tir 20 dén 500 mgKOH/g — ching han nhu nam trong khoang tir 40 dén 200 mg
KOH/g.

Theo mét phuong 4n, hop chat khong bdo hoa vé& mit etylen (Aiv) ¢6 sb hydroxyl nim
trong khoang tir 20 dén 800 mgKOH/g — ching han nhu nam trong khoang tir 40 dén 200 mg
KOH/g.

Tét hon 13, hop chét (Aiii) va/hodc (Aiv) mang tur 2 dén 5 nhom khéng bdo hoa vé mit

etylen trén moi phan tu.

Theo mét phuong an, ché pham polyuretan dang nudc c6 thé déng ran bang ning luong
c6 ngudn gde sinh hoc bao gom it nhat mot hop chét khong bao hoa vé mit etylen (B) khéc véi
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(Aiii) va (Aiv) khong c6 nhom chét cé kha nang phan Gng voi isoxyanat, hop chit khong bio
hoa hoan toan vé mit etylen (B) khac véi (Aiii) va (Aiv). San phém nay thuong dugce thém vao
chét tién trung hop polyuretan khong bdo hoa vé mit etylen (A) dé tao ra thém cac dac tinh

mong mudn.

Ciing c6 thé 14 trong phéan tmg este hoa tao ra cac hop chét (Aiii) va (Aiv), hon hgp phan
tng & trang thai can bing chira mot phan trong d6 tAt ca cac nhom chat c6 kha ning phan (mg
voi isoxyanat, dugc phan Gng vdi axit khong bdo hoa vé mit etylen va khong con kha nang
phan ing v&i nhom isoxyanat. Cac san pham phan mg nay cling tao thanh it nhit mot hop chét
khong bio hoa vé mit etylen (B) khdc v6i (Aiii) va (Aiv) khong c6 nhém chat c6 kha nang

phan Gng véi isoxyanat.

Theo mot phuong an khéac, hop chét (B) ciing c6 thé 13 acrylat uretan c6 ngudn gdc sinh
hoc khac v6i chét tién ting hop (A). Vi du, ¢6 thé thu duoc acrylat uretan c6 ngudn gdc sinh
hoc phtt hop bang phan tng can bang hoa hoc toan bo gitta Desmodur® ECO N 7300 va
Cardolite® NX7202 hoic gitta Desmodur® ECO N 7300, Cardolite® NX7202 va 2-etyl-1,3-

hexandiol.

Ngoai ra, hgp chit (B) nhu vay c6 thé duge thém vao ché pham polyuretan dang nudc
c6 thé déng ran béng nang luong co nguén géc sinh hoc, hodc duéi dang nhii twvong dugc tao ra

riéng.

Luong hop chat (Aiii) thudng nim trong khoang tir 10 d&én 50% khéi lwong cta chét tién
tring hop polyuretan (A), tot hon 14 tir 25 dén 40% khdi luong,

Luong hop chat (B) thuong nim trong khoang tir 0 dén 50% khéi lwong ciia ché pham
polyuretan, t6t hon 14 tir 0 dén 25%.

Hop chit khong bdo hoa vé mit etylen (Aiv) dugc tao ra voi tir 0-40% khdi lwong
bisphenol A, tét hon 1a tir 0-20% khdi lwong bisphenol A, tot nhét 13 khong st dung bisphenol
A. Bisphenol A 1a mdt hop chét phd bién duoc st dung lam nguyén liéu ban dAu cho cac ché
phdm acrylat (meth) c6 thé déng rin dugc béng tia cyc tim, bisphenol A thuong la diglyxidyl
ete diacrylat. Do strc khoe va ap luc moéi truong li€n quan dén doc tinh va doc tinh sinh thai cta

bisphenol A, nén tranh str dung né. Thay vao do, c6 thé sir dung céc chit thay thé an toan hon,
17
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nhu acrylat ¢6 gdc butandiol diglyxidyl ete, vanilin diglyxidyl ete, isosorbide diglyxidyl ete,
hexandiol diglyxidylete, xyclohexandimetanol diglyxidylete hoac cac hop chit epoxy di vong
nhu triglyxidyl isoxyanurat hodc cac chét thay thé twong tu khac ¢6 thé duoc st dung.

T quan diém cAu trac polyme, cac hop chét (Aiii) tao ra sy khong bdo hoa vé mat
etylen cudi cling trén chét tién trung hop (A) va hoat dong nhu cac phén tt dinh vi cta chit tién
trung hop (A). Céc hop chét (Aiv) co it nhét 2 nhém hydroxyl cung cAp kha ning kéo dai chudi
va/hodc phan nhanh chudi véi sy khong bao hoa vé& mit etylen & bén. Chi c6 su két hop cua ca
hai loai hop chit c6 ngudn gbc sinh hoc méi dam bao mire d6 khong bao hoa vé mit etylen cao
hon din dén chit phu hoat dong hiéu qua va dugc bd sung mire cacbon sinh hoc cao nhét trong

polyme dé mang lai két qua giam lugng khi thai cacbon cao nhat.
Ruou don chic hodc Polyol (Av)

Theo mét sé phuong 4n, ché pham polyuretan dang nudc co thé déng ran bing ning
lwong c6 ngudn gde sinh hoc bao gdm chat tién tring hgp polyuretan (A), con c6 thé thu duoc

tir phan (g cua cac hop chét (Ai), (Aii), (Aiii), (Aiv) va (Av) .

Ruou don chirc hodc polyol (Av) khac véi (Ai), (Aii), (Aiii) hodc (Aiv) va c6 ham lugng
cacbon sinh hoc trén 20% khéi lrong, tét hon 1a hon 40% khéi lugng, tham chi hon tot hon nita
1a hon 60% khéi luong, t6t nhét 12 hon 80% khdi lugng, tét nhét nita 1a hon 80% khoi lwong va
chtra it nhdt mot nhom chit ¢ kha ning phén (mg véi isoxyanat. T4t hon 13, polyol dugce st

dung bao gom it nhét hai nhém hydroxyl.

Ruou don chic (Av) co thé 13 metanol, etanol, propanol, isopropanol, butanol,
isobutanol, tertio-butanol, pentanol, hexanol, heptanol, octanol, decanol, dodecanol, terpineol

va cac loai tuong tu.

Tét hon 13, hop chit (Av) 1a polyol duge chon tir nhém bao gbm diol hogc polyol béo,
xycloaliphatic hoac thom, dudng co ngudn gbc sinh hoc, regu dudng co ngudn gbc sinh hoc,
rugu béo hodc ruou béo dang dime, polyol polycacbonat, polyol polyeste, polyol polyete,
polyol polyacrylat hodc hdn hop ctia chung.
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Tt hon 13, ruou dudng ¢ nguén géc sinh hoc hodc dan xuit 12 etylen glycol, glyxerol,

diglyxerol, erytritol, arabitol, sorbitol, isosorbide, isomannide, isoidide.
Hop chét (Av) ¢6 thé dugc 1ay tir dau thyc vat hodc tinh bot.

Hop chét (Av) cling c6 thé 13 rvou don chirc hodc polyol duge (poly)etoxyl hoa hodc
(poly)propoxyl hoa, hoéc dan xuét (poly)lacton hodc (poly)lactit.

Hop chit (Av) ¢ thé 1a mot diol béo hodc xycloaliphatic hodc polyol nhu 1,2-etylen
glycol, 1,3-propan diol, 2,3-butan diol, 1,5-pentan diol, 1,6-hexan diol, heptan diol, octan diol,
nonan diol, decan diol, dodecan diol, xyclohexan dimetanol. N6 ciing c6 thé 1a dietylen glycol,
trietylen glycol, dipropylen glycol, tripropylen glycol, tetractylen glycol, tetrapropylenglycol,
trimetylolpropan, ditrimetylolpropan, pentaerytritol, dipentaerytrytol.

Hop chét (Av) c6 thé 1a mét polyol polyeste t5t hon 1 ¢6 s6 khdi lwgng phan tr trung
binh it nhat 13 400 Dalton va t6t hon 1a khong vuot qua 4000 Dalton, tét nhat 1a khong vuot qua
1000 Dalton. Polyol polyeste cling co6 thé chira cac chat khong bdo hoa vinylic du thich hop
cho viéc 1am khd bang khong khi oxy hoa.

Polyol polyeste co thé 1a phan ung cta polyol, ching han nhu polyol dugc mé ta & trén,
v6Gi axit polycacboxylic, tdt hon 14 axit dicacboxylic. Cac axit polycacboxylic c6 thé duge st
dung dé tao thanh cic polyol polyeste nay cé thé 14 axit béo, xycloaliphatic, thom va/hodc di
vong. Cac axit dicacboxylic dugc uu tién déc bigt 1a axit succinic, axit adipic, axit tartaric, axit
lactic, axit glycolic, axit fumaric, axit maleic, axit itaconic, axit citric, axit Xxitranic, axit
mesaconic, axit glutaric, axit trimellitic, axit trimesic, axit pyromellitic, axit ptalic, axit
tereptalic va quan trong la cac chét 1am mo axit béo. C6 thé st dung cac axit polycacboxylic
khéc, trong s& d6 c6 cac este vong (nhu gama-butyrolacton hodc epsilon-caprolacton), cac
dieste vong (nhu glycolit hodc lactit) hodc anhydrit vong (nhu anhydrit ptalic hodc anhydrit

maleic).

Trong mot truong hop cu thé vé viéc st dung polyol polyeste, co thé su dung
polyhydroxyalkanoat (PHA). PHA 1a céc polyeste dugc tao ra boi nhiéu vi sinh vat, bao gém
ca vi khuén va bao ham mot loat cac monome khac nhau. Cacbohydrat va dau thyc vat thuong

dwoc st dung 1am nguyén lidu thd cho qua trinh 1én men tao ra PHA. Nhiing polyeste nay co
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thé c6 mot sb dang két tinh va co thé phan huy sinh hoc va c6 thé phan hiry hitu co. Chiing
thuong c6 kha nang chéng nudc tdt, 6n dinh nhiét va tia cuc tim. Cac dan xuét hydroxyl héa
pht hop trong pham vi cta sang ché c6 thé thu duoc bing cach tiép tuc chuyén héa este cua

polyeste.

Trong mét trwong hop cu thé khac cua viéc st dung polyol polyeste, axit polylactic
mach thiang hodc phan nhanh va dAn xuét tir d6 ¢6 cac nhom hydroxyl du co thé duogc str dung.

Axit polylactic 1 polyme sinh hoc duge st dung ngay cang nhiéu trong cong nghiép.

Van con mot trudng hop khac vé viéc st dung polyol polyeste, cac polyme mach thang
hodc phan nhéanh dugc lam tir axit 10,16 dihydroxyhexadecanoic va thuong co nguén géc tir

cutin cling dugc xem xét.

Cac din xuét hydroxyl hoa ciia PHA va axit polylactic cling ¢6 thé duoc acryit hoa dudi

dang hop chét (Aiii) va/hodc (Aiv) trong pham vi cua sang ché nay.

Hop chét (Av) c6 thé 1a polycacbonat t6t hon 1 c6 mot s6 khéi lwong phan tir trung binh
it nhét 12 400 Dalton va khong vuot qué 4000 Dalton, tot nhét 1a khong vuot qua 1000 Dalton.
Do &6, cac vi du vé polyol polycacbonat 1a cic sin phim phan tmg cua polyol v6i phosgene,
dialkylcacbonat nhu dimetycacbonat, véi diarylcacbonat nhu diphenylcacbonat hodc voi

cacbonat tudn hoan nhu etylen va/hodc propylen cacbonat.

Hop chit (Av) ¢6 thé 1a mot polyol polyete tot hon a co mdt s6 khdi lwong phan tir
trung binh it nhét 14 400 Dalton va khong vuot qua 4000 Dalton, t6t nhat 1a khong vuot qua
1000 Dalton. Vi du v& polyete polyol 1a polyetylen glycol, polypropylen glycol,

polytetrametylen glycol cling nhu ngau nhién hodc khdi cac copolyme do.

Hop chét (Av) cling ¢6 thé 1a polyol polyacrylat t6t hon 13 ¢6 mot sb trong lugng phan
tir trung binh it nhit 14 400 Dalton va khong vuot qua 4000 Dalton, tdt nhét 14 khong vuot qua
1000 Dalton. N6 ¢6 thé bao gom céc polyme dugc tao ra bing phan Ung trung hop gbc (séng)
ctia monome (meth)acrylic va/hodc (meth)acrylamit, ching han nhu dugc khoi tao boi chat
khoi mao gbc nhiét hydroxyl hoa véi s ¢6 mit cua chét chuyén chudi hydroxyl héa, chang han

nhu 2-mercaptoetanol.
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Hop chét (Av) ciing c6 thé 1a mot polyamit polyol.

Hop chét (Av) c6 thé duoc thu tir lignin dudi dang tidn chit nguyén lidu thd c6 ngudn
gbc sinh hoc, sau qua trinh bién d6i hoéa hoc va sau qua trinh chuyén héa nhém chire can thiét

trong pham vi cua sang ché nay.
Céc hop chét (Av) duge uu tién 1a polyol polyeste va polyol polycacbonat.

Ruou don chic co thé duoc lva chon gifra metanol, etanol, propanol, isopropanol,
butanol, tert-butanol, pentanol, hexanol, xyclohexanol, heptanol, octanol, decanol, dodecanol

va cac loai tuong tu.

Téng luong polyol (Av) trong chét tién trung hop polyuretan (A) thuong nim trong
Khoang tir 0 dén 50% khdi lugng clia chit tién trung hop polyuretan (A), t6t hon 13 tir 0 dén
30% khéi lugng, t6t nhét 1a tir 0 dén 15% khéi lwong.

Mono-amin hoéc polyamin (Avi)

Theo mdt sé phuong an, ché phém polyuretan dang nudc c6 thé déng rin bang ning
lugng ¢6 nguodn gbc sinh hoc bao gdm chat tién trung hop polyuretan (A) c6 thé thu duoc tir

phan g cua cac hop chat (Ai), (Aii), (Aiii), (Aiv), tiy chon (Av)) va (Avi).

Tét hon 1a hop chit mono hodc polyamin (Avi) 1a mot amin béo, xycloaliphatic hodc

thom, diamin hoac polyamin.

Hop chit (Avi) bao gdm cac nhém amin hoat héa c6 kha nang dinh vi chudi hogc kéo
dai chudi tir céc nhém cudi isoxyanat con lai ctia chit tién tring hop. Chét kéo dai chudi phi
hop 1a polyamin so cAp hodc thtr cip béo, béo vong, thom hodc di vong hoa tan dugc trong
nude ¢6 téi 36, tot hon 14 téi 12 nguyén tir cacbon. N6 cling ¢o thé 14 hydrazin. Tong lwong hop
chét (Avi) duge st dung thuong dugc tinh theo lwong nhom isoxyanat du co trong chét tién
tring hop polyuretan. Ty 1¢ duong lugng cia cac nhom isoxyanat trong chét tién trung hop so
v&i cac nhém amin trong chit kéo dai chudi (Avi) trong qua trinh kéo dai chudi thuong nim
trong khoang tir 1:0,9 dén 1:1, t6t hon 1a tir khoang 1:0,95 dén 1:1. T6t hon nita 1a ty 1€ nay 1a

1:1 dé thu dugc polyme polyuretan phan tmg toan bo khong c6 nhom isoxyanat du.
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Polyamin dugc str dung @2 kéo dai chudi t6t hon 12 c6 s6 nhém chire trung binh tir 2 dén
4, t5t hon nita 13 tir 2 dén 3. Polyamin duge tu tién c6 s6 nhém chire trung binh 14 2. Vi du vé
cac chat kéo dai chudi (Avi) hiru ich & ddy bao gdm hydrazin, piperazin, etylen diamin, 1,2-
propylen diamin, 1,3-propylen diamin, 1,4-butandiamin, 1,5-pentandiamin, 2-metyl-
pentandiamin, 1,6-hexandiamin, 1,7-heptandiamin, 1,8-octandiamin, 1,9-nonandiamin, 1,10-
decandiamin, 1,12-dodecan—diamin, isophoron diamin, m-xylilen diamin, bis(4-
aminoxyclohexyl)metan, polyoxyetylen amin va polyoxypropylen amin (vi du: Jeffamines tur

TEXACO), ciing nhwr hon hop cua ching.

Amin dugc su dung dé dinh vi chudi c6 1 nhom chire. Vi du vé cac amin nhu vay la
metylamin, dimetylamin, propylamin, isopropylamin, dipropylamin, diisopropylamin,
butylamin, dibutylamin, isobutylamin, diisobutylamin, tert-butylamin, di-tert-butylamin,

pentylamin, dipentylamin, hexylamin, dihexylamin, benzylamin, dibenzylamin.

Theo mot phuong an khéc ctia sang ché, amin (Avi) c6 thé ¢6 nhom chire bd sung gidng
nhu treong hop cua axit amin ty nhién nhu glyxin, alanin hodc lysin. Mot vi du khac la N-(3-
sulfopropyl) polypropylenglycoldiamin, mudi natri (Poly-EPS tir Rashig).

Tt hon 13 mono-amin hodc polyamin (Avi) ¢6 ngudn gde sinh hoc va bao gém ham
lwong cacbon sinh hoc it nhét 1a 20% khdi lugng, tét hon 1a it nhat la 40% khéi lwong, tot hon

nita 12 it nhét 13 60% khéi lugng, tot nhét 13 it nhat 1a 80%.

Mot vi du vé mono-amin hodc polyamin c6 nguén goc sinh hoc nhu vay la 1,5-

pentandiamin. Mot vi du khac 1a Priamin 1073 tur Croda.
T4t hon 1a khong str dung hop chét kéo dai chudi (Avi).
Quy trinh

Mot khia canh khac cua sang ché ¢6 lién quan dén quy trinh tao ra ché pham polyuretan
dang nudc co thé déng ran bang ning lugng c6 ngudn gbc sinh hoc theo sang ché, c¢6 thé thu
dugc bang mot quy trinh bao gbm cac budc:

(a) tao thanh polyuretan khong bdo hoa tir cac hop chét (Ai), (Aii), (Aiii), (Aiv) va tiry

chon (Av) va/hodc (Avi), tity chon c6 mat (B), tury chon ¢6 mat dung moi;
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(b) tuy chon, trung hoa ché pham duoc tao thanh trong budc (a);
(¢) phan tan ché pham dugc tao thanh & bude (a) hodc (b) trong nude dé tao thanh

polyuretan khong bao hoa phan tan;

(d) tiry chon, kéo dai chudi hogc dinh vi chudi polyuretan khong bdo hoa di phén tan c6

chira c4c nhém isoxyanat du bang cach phan tmg véi hop chat (Avi); va
(e) tuy chon, loai bo dung mdi xur ly trong chén khong.

Su hinh thanh polyuretan khong bdo hoa trong bude (a) co thé duge thuc hién trong
dung méi. Sau do6, dung moi duogce loai bo sau bude (d) bang cach tach dung méi trong didu

kién chan khong ¢ nhiét d§ vira phai duagi 100°C.

Trong trudng hop chit tién tring hop polyuretan khong bao hoa vé mit etylen dugc tao
ra bing polyol (Av), thi (Av) duoc thém vao trong bude (a) dé phan tng véi cac hop chat (Ai),
(Ail), (Aiii) va (Aiv). ’

Trong trudong hop chét tién tring hop polyuretan khong bio hoa vé mit etylen duge tao
ra bang cach st dung polyamin (Avi), thi (Avi) ¢6 thé duoc thém vao trong budc (a) dé phan

g v6i cac hop chat (Ai), (Aii), (Aiii) va (Aiv) va tiy chon (Av).

Qué trinh nay c6 thé bao gdm thém budc phan mg véi chét trung hoa (Budce b). Didu
nay co thé duoc thuc hién dé cac nhom wa nude duge tao ra béi hop chét (Aii) dugc chuyén

thanh muoi anion.

Qué4 trinh nay c6 thé duoc thuc hién bang cach phan tg vuot mic can bang héa hoc
cia cdc nhém isoxyanat c¢6 trong hop chit (Ai) v6i nhém chat ¢6 kha ning phan tmg véi

isoxyanat c¢6 trong cac hop chét (Aii), (Aiii), (Aiv) va néu c6 (Av) va (Avi).

Céc chit phan mg tir bude (a) thuong duge st dung theo ty 1& twong ung véi ty 1€
duong lugng gilra cac nhom isoxyanat dugc tao ra béi hop chét (Ai) véi nhém chét c6 kha

ning phan Umg vdi isoxyanat dugce tao ra boi cac hop chét (Aii), (Aiii), va (Aiv) va tay chon
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(Av) va/hodc (Avi) trong hdn hop phan tGng, theo do6 ty 1& duong luong nam trong khoang tir
0.8:1 dén 1,2:1, tt hon la tir khoang 0,9:1 dén 1,1:1, t0t nhit 13 1:1.

Trong truong hop tiép tuc xay ra qua trinh dinh vi chudi hodc kéo dai chudi, thi cac

isoxyanat du sau d6 co thé duoc phan (g voi hop chat tuy chon (Avi).

Tt hon 14, phan tng dugc thuc hién trong cac diéu kién gﬁn nhu khan va & nhiét do tu
30°C dén 100°C, tét hon nira la tir 50°C dén 100°C, cho dén khi phan ng gifra cic nhom
isoxyanat va cidc nhom phan mg v6i isoxyanat v& co ban hoan thanh. Ham luong isoxyanat c6

thé duoc theo sau boi phép chuin d6 ngugc véi mot amin, thuong la dibutylamin.

Phén (mg c6 thé duge tao didu kién thun loi bing cch bo sung tir 5 dén 40%, t6t nhat
13 tir 15 dén 30% khéi lwong ctia dung moi dé giam do nhét cla chét tién tring hop va tranh
cac phan tng phu dan dén sy phan nhanh hodc tao thanh gel khong mong mudn. Tt nhét 13 tan
trong nudc voi nhiét do nude so6i thip (<100°C). Dung mdi t5t nhét 1a axeton hodc

metyletylketon.

Ngudi ta thuong st dung cac chét xuc tac dé tang tdc dd phan ng cla isoxyanat voi
nhém chit ¢6 kha ning phan tmg v6i isoxyanat. Bismuth neodecanoat dugc wa chudng hon
dibutyltin dilaurat. Thong thuong, cac chét e ché cu thé dugc thém vao dé ngan chin céc
nhém khoéng bao hoa vé mit etylen s& phan Gng trong qua trinh phan Ung va tao thanh gel.
Butylhydroxytoluen duoc uu tién hon butylhydroxyanisol, hydroquinon monometyl ete va
hydroquinon. Mt ngudi ¢ hiéu biét trung binh trong linh vyc nay nhén thirc 10 v& loai chat

tic tac va chét e ché c6 thé duoc st dung dé tao diéu kién thuan lgi cho phan ung.

Trong pham vi cla sang ché nay c6 thé sir dung quy trinh tuan tu trong d6 hop chat (Ai)
vi/hodc hop chit (Aiv), (Aii), (Aiii), (Av) va (Avi) duge bd sung lan luot va/hodc ting dan
thanh hai hodc nhidu phan, hodc véi mot ngudn cép dir ligu lién tuc. Ly do cho diéu nay 1a kiém
sodt tot hon kha ning téa nhiét ciia phan g, ddc biét 1a khi khong c6 dung moi. Mot uu diém
khéc 14 kiém soat cau truc va sy phén bd trong lwgng phan tir ciia polyme theo cach thuan loi,

chéng han nhu d& han ché d6 nhot.

Theo mdt phuong an dac biét cua phan ng, cac nhém isoxyanat tu do con lai dugc tao

ra bdi phan Gng cua hop chét (Ai) véi (Avi) duge phan ung c6 chu y dé tao ra cac nhom
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alophanat va/hodc biuret. Diéu nay giup ting trong lugng phan tir va phan nhanh chudi c¢6 thé

thuan loi cho hiéu suat cudi cung ctia qué trinh phan tan polyme.

Chét tién tring hop thu dugc sau phan tng cta (Ai), (Ail), (Aiii), (Aiv), (Av) va (Avi)
néu co, trudce tién duge trung hoa (néu thich hop) va sau d6 phén tan trong mdi trudong nude
bang thém chit tién trung hop vao nude hodc nguge lai bang cach thém nude vao chét tién
trang hop. Néu c6 mit cac hop chét (B), chung thuong c6 mat trong chét tién tring hop trude
cac bude trung hoa va phan tan. Thong thudng qua trinh phén tan nay dién ra duéi su tron 1an

tuyét doi cao.

Khi qua trinh phén tan can trung hoa so bo cdc nhém wa nude duge tao ra bot hop chét
(Aii), ching han nhu axit cacboxylic, axit sulfonic hodc cac nhém axit phosphonic thanh mubi
anion, diéu nay tot hon duge thuc hién béng cach thém chat trung hoa hitu co hodc v6 co vao
hdn hop chét tién tring hop hodc nude. Cac chét trung hoa thich hop bao gdm cac amin bac ba
hitu co d& bay hoi nhu trimetylamin, trietylamin, triisopropylamin, tributylamin, N,N-
dimetylxyclohexylamin, ~ N,N-dimetylanilin, N-metylmorpholin, =~ N-etylmorpholin, ~ N-
metylpiperazin, N-metylpyrrolidin va N-metylpiperidin. Trietylamin dugc wu tién hon. Cac
chét trung hoa phu hop bao gdm cac bazo v co khong bay hoi bao gdm céc cation kim loai
hoa tri mdt, 6t hon 13 cac kim loai kiém nhu liti, natri va kali va cac anion nhu hydroxit,
hydrua, cacbonat va bicacbonat khong ton tai & dang phan tan nhu vy. Natri hydroxit dugc wu
tién.

Téng lugng cac chit trung hoa nay c6 thé dugc tinh theo tdng luong nhom axit can trung
hoa. T§ 16 mol gitta nhom axit va chét trung hoa 12 tir 1:0,5 dén 1:1, t6t hon 1a 1:0,8 dén 1:1, tot
nhét 1 1:0,9 dén 1:1. Noi chung, ty 1& can bing héa hoc khoang 1:1 duge sir dung trir khi can

st dung dung dich dém thu dugc tir qua trinh trung hoa mot phan axit yéu véi bazo manh.

Tuy chon, hop chit khac (Avi) dugc thém vao bao gdm cac nhém amin hoat héa c6 kha
nang tao ra phﬁn kéo dai chudi hodc dinh vi chudi cia cac nhom cudi isoxyanat con lai cia chét
tién tring hop. Pidu nay thuong dugce thye hién trong pha nuée & nhiét df tir 5 dén 90 °C, 6t

hon 14 tir 15 dén 30°C. Nudc c6 thé déng vai tro 13 chit kéo dai chudi sau qué trinh thity phén
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tu nhién cac isoxyanat tu do thanh cdc amin tuong Gng va su kéo dai chuoi lién ti€p véi cac

isoxyanat con lai khac dé tao ra ure.

Tong luong hop chét (Avi) duoc st dung thuong duge tinh theo luong nhom isoxyanat
du c6 trong chét tién tring hop polyuretan. Ty 1& duong lugng cua cac nhom isoxyanat trong
chét tién trang hop so v&i cac nhém amin trong keéo dai chubi (Avi) trong qué trinh kéo dai
chudi thuong nim trong khoang tir 1:0,7 dén 1:1, tot hon la tir khoang 1:0,9 dén 1: 1. Tbt hon
nita 1a ty 1€ nay la 1:1 dé thu duoc polyme polyuretan phan tng hoan toan ma khong c6 nhom

isoxyanat du.

No6i chung, sau khi hinh thanh qué trinh phan tan cua chét tién trang hop va khi né chtra
dung moi d& bay hoi c6 nhiét d¢ soi dudi 100°C, qua trinh phan tan polyme sé bi loai bo. Pidu
nay thuong duoc thye hién dudi ép sudt giam va & nhiét do tir 20 dén 90°C, tot nhat 1a tir 40
dén 60°C. Nudce bd sung duoc thém vao dé bu lwong nude co thé mét di trong qua trinh tich va

c6 dinh ham lugng chét rin mong mudn cua chit phan tan.
Chét phu

Ché pham polyuretan dang nudce co thé dong ran bing niang lugng co ngudn gbc sinh
hoc theo sang tao ra chét pht sau khi tao thanh mang va lam bay hoi nu6e hoan toan, sau do la
dong rén bang birc xa tia cuc tim (UV) hodc déng rdn bang bic xa chim tia dién tir (EB). Céc
ché pham dang nudc co thé dong rén bing birc xa theo sang ché nay tdt hon 1a c6 thé déng rin

bang cach chiéu tia cuc tim v&i sy ¢6 mat ciia chat khoi mao quang hoa.

Chét pha c6 ham lugng cacbon sinh hoc cao véi tac dong tuan hoan va giam lugng khi
thai cacbon vt liéu rat duoc ky vong. Dic biét, ché pham polyuretan dang nude cd thé dong
rin bang niang lwong dya trén sinh hoc theo sang ché cung cip mot chét phu cimg véi mie hiéu
sudt cao dé bao vé va to diém cho nhidu loai chét nén. Gifta nhitng chét phu khic, né tao ra do
bam dinh tuyét voi lién quan dén cac dic tinh quang hoc ot nhu do trong sudt, do trong, dd md

va d6 bong. N6 cling c6 dac tinh khang co hoc va hoa chét tuyét voi.

Do d6, sang ché cling dé cap dén viéc su dung cac che pham dé tao ra muc, vecni hoac
chit ph va quy trinh tao ra muc, vecni hodc chat phu trong d6 ché pham nhu duge mo ta & trén

duoc st dung. In k¥ thuét s6 (muc in phun) va in 3D cling ddc biét lién quan dén sang ché.
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Cht pht, myc in hodc vecni phu sau in dugce tao ra tur ché phﬁm theo sang ché c6 thé
con chita cac chit phu gia nhu chét khoi mao quang hoéa, chét tao lién két ngang nhiét, chat lam
4m va 1am déu mau, chét diéu chinh luu bién, chit kht bot, sap, chit tao mau, bot mau hozc

chat don vo co.

Trong pham vi cua sang ché nay, viéc sir dung chat phu gia c6 ngudn gbc sinh hoc 1a
dic biét phu hop. Mot vi du co lién quan 1a viée st dung Bayhydur ECO 701-90 lam chét tao
lien két ngang nhiét polyisoxyanat gdc sinh hoc ¢ thé phan tan trong nudc dé dong ran kép

2K.

Ché phdm polyuretan ciing c6 thé chira bat ky chit phan tan hodc nhii tuong polyme nao
khéc vé6i sang ché. Tt hon 13, cac chét phén tan hodc nhil twong polyme nay 13 gbc sinh hoc va
chtta ham lurong cacbon sinh hoc cao hon 20%, t6t hon 12 cao hon 40%, t6t hon nita 14 cao hon
60%, t6t nhit 1a cao hon 80%. Tt nhat nita 13, cac nhii twong hodc phan tin polyme ndy chira

cac chirc ning khong bdo hoa vé mit etylen nhu cac nhom (meth)acrylat.

Vi du, s& thuén loi hon khi thém nhil tvong gdc nude sinh hoc dya trén dau epoxy hoa tur
nhién hodc axit béo epoxy hda tu nhién dugc mo ta trude do. Dau dau nanh epoxy héa duoc vu
tién hon. N6 duoc phan tng mot phan hoic toan bd véi axit (meth) acrylic dé thu duoc rugu
hodc polyol khong bdo hoa vé mit etylen sau khi md vong epoxy. Cac nhém hydroxyl duoc
phan Gmg mot phan hodc toan bo véi anhydrit d thu duge hop chat khong bdo hoa vé mit
etylen ¢6 it nhdt mot nhém chirc axit cacboxylic. Anhydrit t6t hon 1a anhydrit succinic. San
phém sau d6 duoc trung hoa mat phén hodc toan bd vdi mdot géc hitu co hodc vo co. Natri
hydroxit duoc wu tién. Cudi cing né dugc tron tiy chon véi chit nhii héa. Chat nhii hoa
copolyme khdi khong ion héa c6 gia tri HLB trén 6 dugc uu tién, t6t hon nita 14 trén 8, thim
chi t&t hon nita 14 trén 10, t5t nhat 1 trén 12, t6t nhét nita la trén 14. Khi nuéc duge thém vao
san phém trong diéu kién khuéy tron cao & moi truong xung quanh hoac nhiét do vira phai, thu
duoc nhil tvong 6n dinh v6i ham luong chat ran tir 35% dén 65% va c6 kich thuéce giot nhé

dudi 500 nm, dién hinh 1a dudi 150 nm.

Sang ché cling d& cap dén phuwong phap phu bé mit bang ché pham nhu dwoc mé ta &

trén bao gom cac budc:
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e ap dung ché pham trén 1én bé mit,

e 1am kho nhiét ché pham dugc dung

o dbng rin ché pham da sdy kho bang niang luong bing cach st dung anh sang tia
cuc tim ndng lugng cao voi sy c6 mit cua chit khoi mao quang héa va/hodc sy
tiép xtic véi chum dién tr nang lwgng cao.

Dic biét, dén cyc tim ning lugng thép (dén LED) c6 thé dwoc st dung thuén lgi. Anh
sang tia cyc tim cling ¢ thé duoc cung cip béi anh sing excimer d& dong ran mang lai cac kiéu
bé mit mong mudn va cac dic tinh quang hoc bao gbm d6 bong thip.

Ngoai ra, co ché dong rén cling c6 thé 1a dong ran mot phan hoc toan bd bang nhiét voi
su ¢6 mat cua cac chét khoi mao nhiét ndi tiéng trong linh vuc k¥ thuét, dién hinh 14 cac hop
chit peroxit- hogic azo- ¢6 thoi gian phén hiy thich hop & nhi€t d6 dong ran.

Céc ché pham theo sang ché dic biét thich hop dé 1am chét phi cho d ni that bang g
va san nhya dan hoi.

Céc vi du sau ddy minh hoa sang ché ma khong gi6i han pham vi ciia séng ché.
Vi du thwe hién sang ché
NGUYEN LIEU THO

IPDI = Desmodur® I, isophoron diisoxyanat tir Covestro. San pham dugc dung lam chat phan
ung.
HDI = Desmodur® H, hexan diisoxyanat tir Covestro. San pham dugc dung lam chit phan ting.

N7300 = Desmodur® ECO N7300, pentan diisoxyanat trime ngudn gbc sinh hoc tir Covestro.
San pham dugc dung lam chét phan tmg.

MOD1071 = diol polyeste acrylat ngu@)n gbc sinh hoc véi IOH ~80 mg KOH/g thu duoc tir
phan Uung cua diu diu nanh epoxy hoéa c6 ham lugng oxy oxiran ~7% véi axit acrylic va
anhydrit suxinic. San phdm dugc ding lam chét phan tng.

MOD1010 = diol polyete acrylat ngudn g sinh hoc véi IOH ~231 mg KOH/g thu dugce tur
phan tmg cla bisphenol A diglyxidylete diacrylat v6i axit acrylic. San phim dugc ding 1am

chit phan \mg.
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MOD450 = rugu polyeste acrylat ngudn gbc sinh hoc voi IOH ~60 mg KOH/g thu dugc tir
phan (g cua axit béo dime co AV ~193 mgKOH/g v6i pentaerytritol va axit acrylic. San pham

dugc dung lam chét phan Gng.

MOD706 = rugu polyeste acrylat ngudn gbc sinh hoc voi IOH ~165 mg KOH/g thu duogc tur
phan tmg cta glyxerol propoxylat co IOH ~631 mgKOH/g véi axit acrylic. San pham dugc

dung lam chét phan tmg.

MOD767 = rugu polyeste acrylat ngudn gde sinh hoc voi IOH ~117 mg KOH/g thu dugc tur

phan tng cua hydroxyetyl acrylat vdi lactit. San pham duge dung lam chét phan tmg.

AE532 = ruou ete metacrylat ngudn gbc sinh hoc voi IOH ~163 mg KOH/g thu dugc tir phan

ting cia glyxidyl metacrylat voi axit lauric. San pham duge dung lam chét phan tng.

NX7202 = Cardolite® GX7202 tir Cardolite. Rugu don chirc acrylat dan xuét cardanol ngudn
gde sinh hoc v6i IOH ~145 mg KOH/g. San pham duge dung lam chét phan tmg.

NX7216 = Cardolite® NX7202 tir Cardolite. Diol acrylat dAn xuét cardanol ngudn goe sinh hoc
v6i IOH ~125 mg KOH/g. San pham dugc dung lam chét phan tng.

NX9201 = Cardolite® NX9201 tir Cardolite. Diol polyete d&n xuét cardanol nguon gbc sinh hoc
voi IOH ~72 mg KOH/g. San pham duge dung lam chat phan tng.

DMPA = axit dimetylolpropionic tir Perstorp. San pham dugc dung 1am chét phan tng.

BUTOH = butanol c6 ngudn gbc sinh hoc tir Green Biologics. San pham dugce ding lam cht
phan tng.

N120 = Ymer® N120, diol polyetylenglycol véi IOH = 120 mg KOH/g tur Perstorp. San pham

dugc dung lam chét phan tmg.

PDA = diamin 1,2 propylen tir Lanxess. San pham duoc dung lam chét phan tng.

BHT = hydroxyl toluen butylat tir Merisol. San pham dugc dung nhu chat we ché géc.

BiND = Valikat® Bi 2010, bismut neodecanoat tir Umicore. San phim dugc dung nhu chit xtic

tac.
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TEA = trietylamin tor Arkema. San pham dugc dung nhu chét trung hoa.

NaOH 30% = natri hydroxit & dang dung dich 30% trong nudc tir Brenntag. San pham dugc
dung nhu chét trung hoa.

SR4485 = Acticide® SR4485, ché pham diét khudn gbc nuéce tr Thor. San pham dugc ding
nhu chét diét khuan.

ACE = axeton c6 san tir Brenntag. San pham duge dung nhu dung moi xu ly.

H20 = nudc khtr khoang.

ViDU 1 LVL341

Nap binh phan tGng véi 184,7 g ACE; 219,1g MOD1071; 25,1 g DMPA; 140,3 g MOD450;
44,6 MOD706; 0,39 ¢ BHT va 0,26 g BiND. Tron céc san pham & nhiét d§ mdi truong va voi
the d6 khuy 130 vong/phut. Lam néng vo binh phan tng dén 70°C va bat dau xa khi & mire 2
lit/kg/gid. Thém nam 14n nap 25,0 g IPDI, sau mdi lan nap 1a 1 gio phan Ung trong diéu kién
hdi Iuu v6i vo binh phan tng dugce duy tri ¢ 70°C. Sau bude hoan thién cudi cing, gitt phan
{mg & trang théi hdi luu cho dén khi I(NCO) dat dén mirc 6n dinh ¢ ~0,30 meq/g. Lam ngudi
hon hop phan tng dén 50°C va ngung x4 khi. Thém 19,0 g TEA vao binh phéan tng va tang
cudng khudy ¢ toc dd 200 vong/phut trong 15 phit. Nap mét binh phéan tan riéng biét voi
1029,0 ¢ H20 & nhiét d6 moi truong va tron bing may khudy voi toc do 400 vong/phut.
Chuyén dung dich tién tring hop trong axeton ¢ 50°C vao binh phén tan trong khoang thoi gian
15 phiit dé tao phén tan polyme. Giam téc do khudy xudng 150 vong/phut trong khi lam néng
vo binh phan tng dén 60°C. Tang dan d6 chan khong 1én 100 mbar voi sy hd trg ctia bom chéan
khong dong thoi ngdn ngira sy hinh thanh bot qua mue. Tiép tuc tach dung mdi trong khoang 5
gio cho dén khi do duoc mirc ACE dudi 0,1%. Lam mat binh phan tng du6i 30°C. Thém 1,6 g
SR4485 cimg véi mot lugng H20 bé sung dé diéu chinh ham lugng chét rin dat muc tidu
~35% vt liéu ran. Khi hoan toan ddng nhat, bd trong binh phan ung qua sang 100 micron.
Ham luong isoxyanat [(NCO) trong hon hop phan Gmg tién trung hop dugc do bang phuong

phép chuan d6 nguogc dibutylamin va duge bidu thi bing meq/g.
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Céc vi du sau dugc diéu ché theo quy trinh thich ing cta Vi du 1 va thanh phan trong lugng

chi tiét cia chung tham khao bang 2.

ViDU 2 LVL342B

Thay déi Vi du 1 bing cach trung hoa bang NaOH 30%.

VviDU 3 LVL354

Thay déi Vi du 1 trong d6 MOD706 dugc thay thé bang NX7202.
ViDU 4 LVL366

Thay déi Vi du 1 trong d6 MOD706 dugc thay thé bang MOD767.
viDU 5 LVL377

Thay dbi Vi du 1 trong d6 MOD706 dugc thay thé bing AE532.
VIiDU 6 LVL360

Thay déi Vi du 1 trong d6 DMPA dugc thay thé mot phan bing N120.
ViDU 7LVL368

Thay dbi Vi du 1 trong d6 MOD1071 duge thay thé bing NX7216.
ViDU 8 LVL369

Thay d6i Vi du 1 trong d6 IPDI dugc thay thé mot phan bang N7300 va BUTOH; mé rong

chudi tir phan Gng cta isoxyanat du véi PDA dwge thém vao chét phan tan méi.
vi DU R1 BAYHYDROL® ECO UV 2877

BAYHYDROL® ECO UV 2877 1a chit c6 ngudn gdc sinh hoc trén thi trudng tham khao tir

Covestro véi 35% cacbon sinh hoc.

Vi DUR2 UCECOAT® 7788
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UCECOAT® 7788 14 chét c6 ngudn gdc sinh hoc trén thi truong tham khao tir allnex voi ~1%
cacbon sinh hoc. San phim nay dugc lay lam diém chuén ndi bo cho hiéu suét dau vao trong

ung dung 16p phu trong sudt.
vi DU R3 UCECOAT® 7733

UCECOAT® 7733 14 chét ¢6 ngudn gde sinh hoc trén thi trudng tham khao tir allnex voi ~5%
cacbon sinh hoc. San pham nay dugc liy lam diém chuén ndi bd cho hidu suét cao cép trong

- ung dung 16p phu trong subt hodc co séc to.
Vi DU R4 UCECOAT® 7999

UCECOAT® 7999 14 chét c6 ngudn gdc sinh hoc trén thi truong tham khéo tlr allnex vdi ~22%
cacbon sinh hoc. Loai nhua nay dugc san xuét dya trén loai hop chit Aiv bao gém hon 40 %
Bisphenol A. San pham nay nhim dén mtc hiéu suit cao cip véi mot luong dang ké cacbon

sinh hoc bén trong va dinh vi bén vitng manh m&.
VIDU RS LVL252

Thay déi Vi du 1 trong &6 MOD1070 dugc thay thé bang MOD1010 va IPDI dugc thay thé
mot ph?m bang N7300 va BUTOH. Loai nhya nay dugc san xuit dua trén cac hop chét bao
gdm BPA.

VIiDUR6 LVL272
Thay d8i Vi du 1 trong & MOD1070 dugc thay thé bang NX9201.
Vi DUR7 LVL277

Thay d8i Vi du 1 trong &6 MOD1070 duge thay thé bang NX9201 va IPDI dugc thay thé mot
phan bang N7300 va BUTOH.

VI DU RS LVL298

Thay di Vi du 1 trong &6 MOD1070 duge thay thé bang NX9201; MOD706 dugc thay thé
bing NX7202; IPDI dugc thay thé mot phan bsi HDL; TEA dugc thay bang NaOH 30%.

PHUONG THUC THU NGHIEM CHAT PHAN TAN DANG LONG
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Ham lugng chat ran:

Ham lugng chét ran cta ché pham polyme dang nuéc duge do bang phép phan tich trong lugng

sau khi 1am kho 1g chat phan tan trong 2 gio & 120°C. Puoc biéu thi bing ti 1& %.
Do nhot:

Do nhét cia ché pham polyme dang nuée duge do ¢ 25 °C bing may do dd nhét hinh nén va
¢6 tim tham chiéu Anton Paar MCR 92. DPuoc biéu thi b::flng mPa.s.

Do pH:
D6 pH ciia ché phim polyme dang nudc dugce do theo tiéu chuédn DIN EN ISO 10390.
Kich thudc hat trung binh:

Kich thudc hat trung binh ctia ché pham polyme dang nudc duge do bang thiét bi tan xa 4nh
sang dong Malvern Particle Analyzer Processor loai 7027/4600SM. Dugc biéu thi bang nm.

Nhiét do tao mang tdi thidu:

Nhiét d6 tao mang ti thiéu (MFFT) cta ché pham polyme dang nuéc duge do bang cach phil
mot 16p pht méng w6t 1én mot tim kim loai duge gia nhiét tw dong bang gradient Rhopoint
MFFT 90 bao pht pham vi nhiét d0 mong mudn. Puoc biéu thi béng ° C. Mong muén dat duoc
gia tri thap (<10°C) dé yéu cau khong cé chét trg tao mang (ting VOC) d tao mang dong nhét
tot.

PHUGNG THUC THU NGHIEM CHE PHAM PHU KHO

Nhya dang nude dugec mo ta trong phﬁn vi du thuc hién sang ché duoc pha ché véi 1,5 %
Omnirad®500 (chat khoi mao quang hoc) va 2% Additol® VXW 6360 dugc pha lodng trude &
50% trong nudc (chat lam dic) trude khi st dung. Trong trudng hop BAYHYDROL® ECO
UV 2877, can thém mot lwgng 10% xenlosolve butyl hodc 1,2-propandiol (ddng dung moéi) va
0,5% BYK® 028 (chit 1am 4m) d& c6 duoc 16p phu véi cdu tao va chat lugng 16p mang phu
hop.

Mtc d6 khong bdo hoa
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Luong chét khong bao hoa duoc tinh tir héa don nguyén liéu va d& cip dén luong axit acrylic

ho#c metacrylat glycidyl cé trong polyme. Duoc biéu thi bang meq/g cua ché phém polyme.

Trong trudng hop Vi du R1, thong tin nay khong co6 sdn va phép chuan d6 di dugc st dung.
Phuong thirc chudn do thudng bao gdm phan ting cia lién két doi hoat héa véi morpholin bang
cach st dung chét bd sung aza-Michael va tiép d6 1a phan tng cta lwgng du morpholin véi
anhydrit axetic (v6i su tao thanh dan xuét amit va axit axetic) va chudn do kép cla axit axetic

v6i natri hydroxit va amin béc ba véi axit clohydric.
Do dinh trude khi dong rin

San pham dugc pht dudi 16p phu wét 50 trén tdm Leneta® va duoc siy khd trong 5 phat &
50°C. Sau khi 1am mat va én dinh & 23°C, @5 dinh con lai cta 16p phi duge do bang cach an
ngén tay 1én 16p pht va danh gid mic do dé dang tach ngén tay ma khong bi dinh; duge biéu
thi theo thang diém tir 1-5 (5 = khong dinh).

Do béng 60°

D0 bong cua 16p phu dugce danh gia sau khi thi cong bang thanh Meyer c6 16p w6t S0p trén tam
Leneta mau tréng, sau d6 say kho trong 5 phit & 50°C va xur ly bang tia cuc tim & dén 80 W/em
Hg véi te do bang chuyén 5 m/phut. Do bong duge do bang méay do d6 bong BYK Gardner
Micro TRI-gloss theo tiéu chuan DIN-67530 véi goc t6i 1a 60°. Mong mudn dat gia tri do bong

cao nhdm mang lai tinh thim my t6t cho chit nén dugc ph.
Do nga vang

Do nga vang cua l16p phu duge danh gia sau khi thi cong bang thanh Meyer ¢6 16p w6t 50p trén
tAm Leneta mau tring, sau d6 sy kho trong 5 phit & 50°C va xur Iy bang tia cuc tim & dén 80
W/em He véi tée do bang chuyén 5 m/phit. DO nga vang (gid tri b) duoc do bang may so mau
trude khi dong rdn va mot gio sau khi dong rdn. Su khac biét vé mau sac (delta b) duge bdo

céo. Gié tri nga vang thap bao vé tinh thAm m§ t6t cia chat nén dugc phu.
Kha ning chong vét ban

Khé ning chéng vét ban ctia 16p pht duge danh gia sau khi thi cong bang thanh Meyer c6 16p

w6t 50p trén tim Leneta mau tréng, sau d6 sdy kho trong 5 phut ¢ 50°C va xu ly béng tia cuc
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fim & dén 80 W/em Hg véi toe d6 bang chuyén 5 m/phit. Cac vét ban dugc boi bang cach sit
dung but danh déu con den N70 cling nhw cac mang loc soi thuy tinh duogc tAm chét thir nghiém
duoc dat tiép xic véi 16p phu trong 16 gio. Cac chét thir nghiém duoc st dung 1a mu tat, ca
phé, eosin, isobetadin, 10% amoniac va 50% etanol. Cac vét ban duge rira sach béng vai lan
cha bang khan gidy da dugc tAm nude hodc isopropanol. Cac vét bén con lai duge danh gia truc
quan bang thang diém 1-5, 5 = khong con vét ban. Kha ning chéng vét ban cao dugc ky vong

s& mang lai sy bao vé 16p phu t5t nhét chdng lai vét bam clia bét k¥ san pham gia dung nao.
Kha ning khang dung moi

Kha ning khang dung mdi cta 16p phit duge danh gia sau khi thi cong bang thanh Meyer c6
16p wat S0p trén tdm Leneta mau tréng, sau d6 say kho trong 5 phut & 50°C va xur Iy bang tia
cuc tim & dén 80 W/em Hg véi tée do bing chuyén 5 m/phut. Pugc danh gia bang cach cha x4t
kép v6i axeton bang gié bong da dugce tdm dung méi cho dén khi 16p phu dugc loai bo. Mot lan
cha xdt kép tuong duong voi mot 1an dudng cha xat tién va lui. Gid tri dugce béo céo la 56 lan
cha x4t kép can thiét dé phd vo ché pham phu da dong ran. Kha ning khang dung mdi cao dugc
ky vong s& mang lai su bao vé 16p phu tt nhat chdng lai vét bam ctia bét ky san pham gia dung

nao.
Do cung persoz

Phuong phap do do cling bé mit cua 16p pht wét 120p dugce thi cong trén tAm kinh. Lép phu
duoc lam kho trong 20 phit & 40°C va cubi cing duge xi Iy duéi dén UV-Hg 80 W/em & toc
d6 bang chuyén 5 m/phit. Cac mau da son phu duge on dinh trong 24 gi¢ trong phong diéu hoa
(20°C va do am 50%) va dé cing cta con l4c Persoz duogc xac dinh tai 3 vi tri khac nhau trén
bé mat. Gia tri trung binh dugc tinh va biéu thi bang gidy. D cing Persoz dugc ky vong s&
mang lai sy bao vé 16p phu t5t nhat chéng lai bat ky su hu hong nao cua kho hang hodc ctia hd

gia dinh.
Kha ning chéng tray xudce khi dong dinh
Khé ning chdng trdy xudc khi déng dinh cia 16p phu duge dinh gia sau khi thi cong bing

thanh Meyer c6 16p w6t 120p trén tAm melamin tring duoc ddnh nhidm va sau d6 lam bay hoi

nuée trong 20" & 40°C, sau do xu ly bang tia UV st dung den 80W/cm Hg o tbc d6 bang
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chuyén 5 m / phat. Thir nghiém duoc thyc hién sau 24 gio trong phong c6 didu hoa (20°C & do
Am 50%) bing cach dong dinh manh theo chuyén dong thang lén 16p phi va danh gia dAu hiéu
nhin thiy hodc hu hong do mét do bam dinh bang thang diém 1-5 , 5 = khong c6 déu hiéu hodc
hu hong c6 thé nhin thy. Kha ning chéng tray xudc cao khi dong dinh duge ky vong s&€ mang
lai sy bao vé 16p phi tot nhit chdng lai bat ky sy hu hong nao cia kho hang hodc cua hd gia
dinh.

Do cimg but chi

Do cting bt chi cia 16p phu duge danh gia sau khi thi cong bang thanh Meyer c6 16p w6t 120p
{rén tim melamin tréng d& duoc danh nhdm va sau d6 1am bay hoi nude trong 20' & 40°C, tiép
theo do xir ly bang tia UV st dung dén 80W/cm Hg & tdc do bang chuyén 5 m / phut. Thi
nghiém dugc thyc hién sau 24 gio trong phong ¢6 diéu hoa (20°C & d6 am 50%) bang cach 1am
xuéc 16p phit da déng rén bing but chi sic véi do clng tang dan, st dung gid d& kim loai
chuyén dung cb dinh géc vudng va ap dung ap sudt phan b déu. Két qua kiém tra dugc bio
c4o 1a d ctmg bt chi ma trén d6 16p phu bi hu hong rd rang. Thang do do ctmg bt chi di tir
mém dén cing 1a 9B —8B - 7B — 6B -5B-4B-3B-2B—-1B-HB-F-1H-2H-3H -
4H — 5H — 6H — 7H — 8H — 9H. D6 cing ctia 1ép phu cao duoc ky vong s&€ mang lai sy bao vé
16p phu tot nhat chéng lai bat ky sw hu hong nao ctia kho hang hodc ctia ho gia dinh.

Ham luong cacbon sinh hoc va sy giam phat thai nguyén li¢u cacbon:

Ham lurong cacbon sinh hoc (%) dwgc xéc dinh bing tiéu chudn ASTM D6866. Mau dugc lam
kho va xtc tac duge bién ddi & nhiét dd cao tao thanh than chi, cung cap tong ham luong
cacbon ctia mau (%). Ty 1& ddng vi 6n dinh C14/C12 cua than chi duge do bang phwong phap
quang phd khdi gia téc va sau do dugc chuyén do6i thanh ham lugng cacbon sinh hoc (%) st

dung tiéu chuan axit oxalic hién dai 1am tham chicu.

Ham lugng cacbon sinh hoc sau do tiép tuc duge chuyén dbi thanh sy gidm phét thai nguyén
lieu cacbon (g CO2/kg) twong g véi lwgng twong dwong CO2 luu trit thai ra trong khi quyén
va gia thuyét ménh d@ trung lap tir viée hép thu CO2 trong khi quyén twong dwong trong qué

trinh quang hop ctia thuc vat. Sy giam phat thai cacbon duge st dung nhu mot hiéu suét bén

36



48948

37/49

virng dwgc dinh lugng cia polyme sinh hoc; gia tri cao cho thdy tac dong bén vitng manh mé&

hon.

Két qua

Bang 1 cho thay dbi véi mdi vi du, liéu cac hop chét duoc sir dung dé tao ra polyuretan dang

nuée c6 thé dong ran bang ning lugng ¢6 nguon goc sinh hoc c6 bao gom ham luong cacbon

sinh hoc hay khong.

BANG 1: KIEN TRUC POLYME

Ai Aii Aiii Aiv Av Avi B

R2 0] O BIO 0] O / BIO
R3 O ) BIO O / / BIO
R4 0] O BIO 0) / / BIO
RS BIO @) BIO ) / / BIO
R6 @) O BIO / BIO / BIO
R7 BIO O BIO / BIO / BIO
RS @) O BIO ) BIO / BIO
1 @) O BIO BIO / / BIO
2 0] O BIO BIO / / BIO
3 0) O BIO BIO / / BIO
4 0) @) BIO BIO / / BIO
5 0) O BIO BIO / / BIO
6 ) @) BIO BIO / / BIO
7 @) @) BIO BIO / / BIO
8 BIO @) BIO BIO / BIO BIO
/ =khong c6 mat
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O = ¢6 mat nhung khong phai tir cac nguyén liéu thd co ngudn gde sinh hoc theo diém 1 yéu

cau bao ho

BIO = ¢6 mit tir cac nguyén li¢u tho co ngudn gde sinh hoc theo diém 1 yéu cau bao ho

Béang 2 a va b md ta cho timg vi du va vi du tham khéo (ngoai trir nhitng vi du c6 san trén thi

truong) lugng cua ting hop chét dugce sir dung

BANG 2a-b: CAC THANH PHAN CHI TIET

VviDU: | Hop chat tvong ing | RS R6 R7 R8
LVL252 | LVL272 | LVL277 | LVL298
ACE dung moi 328,0 |190,6 |182.4 [195,6
MOD1010 | Aiv 76,2 - - 197,9
NX9201 | Av - 2184 | 1498 |158.5
DMPA Aii 23,50 25,12 [24,5 31,6
MOD450 | Aiii 156,9 1702 |1346 |-
MOD706 | Aiii 38,1 41,7 32,6 -
NX7202 | Aiii - - - 54,4
IPDI Ai 77,7 116,6 | 66,4 97,0
HDI Ai - - - 47,7
N7300 Ai 136,5 |- 1172 |-
BUTOH |Av 25,9 - 22,2 -
BHT Chat wrc ché 0,45 0,40 0,77 0,37
BiND Chat xuc tac 0,35 0,32 0,30 1,05
TEA Chét trung hoa 17,69 |18,95 |18,52 |-
NaOH Chét trung hoa - - - 30,5
30%
PDA Avi 4,62 3,38 3,52 -
SR4485 | Biocit 1,60 1,70 1,63 3,00
H20 996 1080 | 1031 1159
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viDU: |Hopchit |1 2 3 4 5 6 7 8
tuong Ung
IRR | LVL3 |LVL3|LVL3 |LVL3 |LVL3 |LVL3 |LVL3
1070 | 42 54 66 77 60 68 69
ACE Dung méi | 184,7 | 119,7 | 176 | 165,2 | 172,5 | 154,0 | 141,0 | 150,7
IRR1071 | Aiv 219,1 | 142,0 | 204, | 189,0 |204,5 | 171,8 |- 121,7
5
NX7216 | Aiv - - - - - - 114.1 |-
DMPA | Aii 25,10 | 16,30 | 23,4 | 21,80 |23,47 | 21,58 | 19,72 | 20,12
7
N120 Aii - - - - - 14,80 | - -
MOD45 | Aiii 140,3 | 90,9 | 130, |121,6 |130,9 | 121,6 | 130,9 | 93,5
0 9
MOD70 | Aiii 446 289 |- - - 38,7 | 41,7 |38,3
6
NX7202 | Aiii - - 52,5 |- - - - -
MOD76 | Aiii - - - 54,1 |- - - -
7
AE532 | Aiii - - - - 41,9 |- - -
IPDI Ai 1249 {809 | 116, |108,2 | 116,6 | 108,2 | 116,5 | 62,4
6
N7300 Ai - - - - - - - 97,5
BUTOH | Av - - - - - - - 18,5
BHT Chat trc 0,39 025 |0,37 {033 (034 |031 |0,28 [0,30
ché
BiND Chat xuc 0,26 0,09 10,13 0,13 |0,14 {0,012 |0,11 |0,12
tac
TEA Chat trung | 19,00 | - 17,7 116,44 | 17,71 | 16,28 | 14,87 | 15,18
hoa 1
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NaOH | Chét trung | - 16,20 | - - - - - -
30% hoa

PDA Avi - - - - - - - 5,20
SR4485 | Biocit 1,60 |1,04 |1,53 |1,43 [1,50 [1,34 |1,83 |1,96
H20 1029 | 667 980 [920 |961 |858 |785 |840

40/49

Béang 3 a va b cho thdy cac dic tinh san phim cua timg vi du. Thiy ro rang polyuretan R1

nguén géc sinh hoc ¢c6 MFFT cao budc phai st dung cac chét két dinh dé dat duoc chit lugng

16p phu ¢6 thé chdp nhan trong qué trinh thi cong.

BANG 3a-b: CAC PAC TINH SAN PHAM

ViDU: R1 R2 R3 R4 RS R6 R7 RS
Ham luong chit ran 39,6 40,0 |385 [339 |343 (344 |343 |34)7
(%)

Do nhét (mPa.s) 81 250 |50 63 151 | 338 | 1150 | 168
bo pH 7,6 7,4 7,5 8,0 7.4 7,5 7,6 7,4
Kich thudc hat trung 156 |75 90 78 83 58 47 66
binh (nm)

MEFFT (°C) 42 ~0 ~0 |~0 |~0 |~0 ~0 |[~0
Do khong bao hoa 0.24 |1.40 |3.10 [3.59 |2.80 |2.24 |1.84 |2.88
(meq/g polyme)

VIiDU: 1 2 3 4 5 6 7 8
Ham lvong chdtrn  [35,0 |35,9 [352 [34,9 |34,8 |354 |345 |348
(%)

Do nhét (mPa.s) 23 153 |24 17 18 66 38 47
bo pH 7,3 7,2 7,4 6,7 7,2 7,1 7,6 7,5
Kich thudce hat trung | 84 157 199 74 90 68 68 71
binh (nm)
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MEFFT (°C) ~0 ~0 |~0 |~0 |~0 |~0 ~0 |~0
Do khong bao hoa 3.02 [3.02 [2.86 [2.80 292 [294 |326 |238
(meq/g polyme)

Bang 4a va b cho thiy cac déc tinh cua 16p phti va hiéu suat cua cac vi du va cac vi du tham

khao. Thay rd ring 16p phu duge lam bang polyuretan dang nudc cd ngudn gbc sinh hoc theo

sang ché mang lai hiéu suét 16p phu tir tot dén xuét sic. Dac biét 1a két qua t6t dang ngac nhién

v& kha ning chdng tray xudc khi dong dinh va cha xat kép bing axeton.

BANG 4a-b: HIZU SUAT VA PAC TINH CUA LGP PHU
VI DU: R1 R2 R3 R4 RS R6 R7 R8
THAM BA ucC ucC ucC LVL25 | LVL27 | LVL27 | LVL29
KHAO 2877 7788 7733 7999 2 2 7 8
Ham lugng | 35 1 2 22 34 44 49 41
cacbon sinh
hoc (%)
Sy giam / 25 50 545 850 1100 1225 1025
phat thai
cacbon (g
CO2/kg)
Do dinh 5,0 3,0 4,0 5,0 2,5 2,0 1,5 2,5
trude khi
déng ran (1-
5)
Do bong 60° | 92 93 93 93 93 90 94 94
Do nga vang | 0,2 0,5 0,5 0,5 0,8 2,0 0,4 0,9
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(delta b)

Kha ning
chong vét

bén (1-5)

3,0

3,1

4,8

4,5

3.9

3,1

3,0

3,4

Luot cha xat
kép bang

aceton

>100

>100

>100

>100

~30

~ 100

Do cliing

Persoz (s)

211

247

325

330

280

122

103

92

Kha nang
chéng tray
xudce khi
dong dinh
(1-5)

Do cling but
chi

HB

HB/F

4H

2H

4H

2B

9B

VI DU:

8

THAM KHAO

IRR
1070

LVL34

LVL35

LVL36

LVL37

LVL36

LVL369

Ham luong
cacbon sinh

hoc (%)

46

46

48

47

46

44

48

Su giam phat
thai cacbon (g
CO2/kg)

1150

1150

1200

1175

1150

1100

825

1200

Do dinh trude
khi déng ran
(1-5)

4,0

4,0

2,5

4.0

4,5

3,9

2,0

4,0
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D6 béng 60°

91

88

92

90

91

91

97

92

Do nga vang

(delta b)

0,6

0,6

0,6

0.5

0,6

0,4

0,9

0,5

Kha ning
chéng vét ban

(1-5)

3.9

3.9

4,0

3.8

3.8

3,7

4,5

3.4

Luot cha xat
kép bang

aceton

>100

>100

>100

>100

>100

>100

>100

100

bd cing

Persoz (s)

218

145

112

255

147

273

187

Kha nang
chéng triy
xudc khi dong
dinh (1-5)

| Do clng but
chi

1H

40

2H

1H

2H

2H

6H

1H
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YEU CAU BAO HQ

1. Ché pham polyuretan dang nuGe co thé dong ran bang ning lugng c6 ngudn gdc sinh

hoc bao gdm:

it nhAt mot chét tién tring hop polyuretan khong bao hoa vé mit etylen (A) thu duoc tir

phan Uing cua:

e it nhAt mot hop chét polyisoxyanat béo, thom hodc xycloaliphatic (A1),

o it nhit mot hop chét va nude (Aii) chira it nhit mot nhom chét c6 kha néng phan tmg véi
isoxyanat va c¢6 kha nang lam cho chét tién trung hop polyuretan phén tan trong moi
treong nude truc tiép hodc sau phén tmg véi chét trung hoa hitu co hodc vo co dé tir @6
tao ra mubi,

o it nhit mot hop chét khong bio hoa vé mit etylen (Aiii), v& co ban chitra mot nhém chét
c6 kha nang phan ung véi isoxyanat,

e it nhét mot hop chét khong bio hoa v& mit etylen (Aiv), chira it nhat hai nhom chét c6

kha nang phan tng v6i isoxyanat,

tlly chon, {t nhat mot hop chét khong bio hoa vé mit etylen (B) khac véi (Aiii) va (Aiv)

khong ¢6 nhom chit c6 kha niang phan (g v6i isoxyanat,

trong d6 cac hop chit khong bao hoa vé mat etylen (Aiii), (Aiv) va (B) méi loai ¢6 ham
lwong cacbon sinh hoc 16n hon 20% khéi lwong cua tong ham lugng cacbon cia hop chat, va
thu duoc bang cach cho hop chit khong bao hoa vé mit etylen phan tng véi hop chit c6 ngudn
géc sinh hoc, theo @6 ham luwong cacbon sinh hoc duoc xac dinh béng tiéu chuidn ASTM
D6866;

trong d6 cac hop chat khong bio hoa vé mit etylen (Aiv) duge diéu ché voi tir 0-40%
khdi lugng bisphenol A; tt hon 1a khong c6 bisphenol A; va

trong do ché phém nay chtra tong luong cac nhém khong bdo hoa vé mit etylen c6 thé
tring hop polyme it nhat 1a 0,5 meq/g dugce tinh trén tong trong lugng cua ché phim
polyuretan, t8t hon 14 it nhét Imeq/g, tdt hon nita 12 it nhat 2 meq/g, thAm chi tot hon nita 13 it
nhét 3 meq/g va tot nhat 14 it nhit 4 meq/g.
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2. Ché pham polyuretan dang nuéc co thé dong rén bing ning luong c6 ngudn gde sinh
hoc theo diém 1, trong d6 it nhét mot chét tién tring hop polyuretan khong bao hoa vé mat

etylen (A) thu dugc tir phan tng v6i

rugu don chirc hodc polyol (Av), khac véi (Ai), (Aii), (Aiii) hoic (Aiv), c6 ham luong
cacbon sinh hoc trén 20% khéi lugng va chua it nhit mot nhoém chat c6 kha nang phan Gmg voi

isoxyanat; va/hodc

it nhat mdt mono-amin hodc polyamin (Avi), tity chon ham lugng cacbon sinh hoc trén

20% khdi luong va c6 kha ndng phan tng v6i isoxyanat.

3. Ché pham polyuretan dang nude co thé dong ran bang ning luong co ngudn gbc sinh
hoc theo diém 1 hoic 2, trong do ché pham polyuretan c6 MFFT nam trong khoang tir 0°C dén
20°C, t6t hon 1a ndm trong khoang tir 0°C dén 10°C, t5t nhét la ndm trong khoang tir 0°C dén
5°C.

4. Ché pham polyuretan dang nude co thé déng ran biang nang luong co ngudn gbe sinh
hoc theo diém bt ky trong s6 céc diém néu trén, trong d6 ché pham polyuretan c6 ham lugng
cacbon sinh hoc trén 20%, tt hon 1a trén 40%, tdt hon nita 14 trén 50%, tham chi tot hon nira 1a
frén 60%, tt nhét 1a trén 70%, ot nhat nita 1a trén 80% tinh theo khdi luong cia tong ham

lwrong cacbon cua ché pham polyuretan.

5. Ché phim polyuretan dang nudc c¢6 thd dong rédn bang ning lugng co ngudn gdc sinh
hoc theo diém bat ky trong s6 cac diém néu trén, trong d6 hop chét khong bdo hoa vé mit
etylen (Aiii), (Aiv) va/hodc (B) ¢ thé thu dugc bang cach cho hop chit ¢6 ngudn gde sinh hoc
phan tng véi hop chit bao gém it nhit mot nhom chirc khong bdo hoa vé& mit etylen, dugc

chon tir nhoém bao gbm axit acrylic, axit metacrylic, glycidyl (met)acrylat.

6. Ché phdm polyuretan dang nudc co thé dong rén bang ning lugng co ngudn gdc sinh
hoc theo diém S trong d6 hop chat phan tng c6 ngudn gbc sinh hoc duge chon tir nhém bao
gém dau hitu co hodc dan xuét dau hitu co, hop chét axit cacboxylic, axit béo va dan xuit, axit

béo dang dime va dan xuat, va polyol c6 nguon goc sinh hoc va cac dan xuat cua ching.

45



48948 46/49

7. Ché pham polyuretan dang nudc c6 thé dong rdn bang ning lugng co ngudn gbc sinh
hoc theo diém 6, trong d6 polyol ¢ nguodn gbc sinh hoc 1a polyol béo, xycloaliphatic hodc
thom dugce wu tién chon tr nhém bao g@)m rugu béo, rugu béo dang dime, cacbohydrat, rugu
dudng, va/ hoac trong do cac dan xuét polyol c6 ngudn gdc sinh hoc 1a cac dan xuét glycolit,

lactit, lacton, poly(alkylenoxit).

8. Ché pham polyuretan dang nudc c6 thé dong ran bang ning lugng co ngudn gde sinh
hoc theo diém 6 hodc 7, trong do dan xuét diu hiru co 1a dau epoxy hoa dugce chon tir nhom bao
gdm dau dau nanh epoxy hoa, dau hat lanh epoxy hoa, dau thiu dau epoxy hoa, dau dira epoxy
hoa, dau ngd epoxy hoa, dau hat bong epoxy hoa, dau 6 liu epoxy hoa, diu co epoxy hoa, dau
dau phong epoxy hoa, dau hudng duong epoxy hoa, dau ciy rum epoxy hoa, diu gd thong

epoxy hoa, diu vo hat didu epoxy hoa, va/hodc axit béo epoxy héa co ngudn gde tir ching.

9. Ché pham polyuretan dang nude c6 thé dong rin bang ning lugng c6 ngudn gbc sinh
hoc theo bét ky diém nao trong s cac diém néu trén, trong d6 luwgng nhom chét c¢6 kha ning
phan tng véi isoxyanat c6 trong hop chit khong bdo hoa vé mit etylen (Aiv) co thé duoc kiém
soat bang cach cho mot phan ctia nhém chét c6 kha nang phan Gmg v4i isoxyanat phan Gmg v6i
hop chit tao khdi c6 kha ning phan Gng v6i isoxyanat; theo d6 hop chit tao khéi tot hon 14 tao
ra nhom chirc khac véi nhém chirc ctia nhom phan Ung isoxyanat, t5t hon 13 nhém chuc
cacboxylic; va theo d6 hop chét tao khéi tdt hon 12 mot anhydrit vong, tot nhat 12 mot anhydrit

suxinic hoac maleic.

10. Ché pham polyuretan dang nudc c6 thé dong ran bang ning lugng cd ngudn gdc sinh
hoc theo bat ky diém nao trong s6 cac diém néu trén, trong do cac hop chét khong bio hoa veé

mit etylen (Aiii), (Aiv), va hodc (B) ¢6 thé thu duge bing cach

e phan Ung cua dau epoxy hoéa ty nhién véi hop chét axit cacboxylic khong bdo hoa vé
mit etylen dé thu duge polyol khong bao hoa veé mit etylen;
e phan mg cta polyol khong bdo hoa vé mit etylen v6i anhydrit vong dé thu duoc polyol

khong bao hoa vé mit etylen ¢ it nhat mdt nhom chirc axit cacboxylic.

11. Ché pham polyuretan dang nudc c6 thé dong ran bang ning lugng 6 ngudn goc sinh
hoc theo diém bat ky trong s6 cac diém néu trén, trong d6 hop chat khong bio hoa vé mit
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etylen (Aiii), (Aiv) va/hoac (B) c6 thé thu duoc bang cach phan tng axit béo c6 ngudn gde sinh

hoc hodc axit béo dang dime véi polyol va axit (met)acrylic.

12. Ché phadm polyuretan dang nuéc c6 thé déng rin bang ning lugng ¢6 ngudn gdc sinh
hoc theo bit ky diém nao trong sb cac diém néu trén, trong dé hop chat khong bio hoa vé mit
etylen (Aiii) ¢6 sé hydroxyl nam trong khoang tir 20 dén 500 mgKOH/g, chang han nhu tir 40
dén 200 mg KOH/g.

13. Ché pham polyuretan dang nuée ¢ thé dong ran bang nang lugng co ngudn gbc sinh
hoc theo diém bat ky trong s6 cac diém néu trén, trong d6 hop chat khéng bdo hoa v& mit
etylen (Aiv) c6 s6 hydroxyl nim trong khoang tir 20 d&én 800 mgKOH/g, ching han nhu tir 40
dén 200 mg KOH /g .

14. Ché pham polyuretan dang nuéc c6 thé déng ran bang ning luong c6 ngudn gde sinh
hoc theo diém bat ky trong sé cac diém néu trén, trong dé polyisoxyanat (Ai) ¢6 ham lwong
cacbon sinh hoc trén 20% khéi lugng, va/hodc trong do polyisoxyanat (Ai) dugc tao thanh hodc

c6 ngudn goc tir pentan diisoxyanat.

15. Ché pham polyuretan dang nude c6 thé déng rin bang ning lwong ¢é ngudn gde sinh
hoc theo diém bét ky trong sé cac diém néu trén, trong dé polyisoxyanat (Ai) duoc thém vao
mdt lwong dé tao ty 1& cin bang hoa hoc cta cac nhém chire isoxyanat xét vé& cdc nhém chét b
kha ning phan tng v6i isoxyanat nhu c¢6 trong hop chit (Aii), (Aiii), (Aiv) va néu c6 (Av)

va/hoidc (Avi), tir khoang 0,8:1 dén 1,2:1, t6t hon 1a tir khoang 0,9:1 dén 1,1:1, t6t nhat 1a 1:1.

16. Ché pham polyuretan dang nudc c6 thé dong rin bing ning lwong c6 ngudn gde sinh
hoc theo diém bét ky trong s cac diém néu trén, trong d6 hop chit wa nudce (Aii) c6 ham lwgng
cacbon sinh hoc trén 20% khdi lwgng va/hodc 12 hop chét axit hydroxyl-cacboxylic ¢6 cong
thirc chung (HO),R(COOH),, trong d6 R la hydrocacbon du thom, xycloaliphatic hodc béo
mach thing hodc mach nhanh c6 tir 1 dén 36 nguyén tir cacbon, va x va y doc lap 1a cac sb

nguyén tir 1 dén 3.

17. Ché pham polyuretan dang nudc c6 thé dong rin bing nang lwong c6 ngudn gde sinh

hoc theo diém 16, trong d6 hop chit wa nudc (Aii) dugc chon tir nhém bao gom axit
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dimetylolpropionic, axit dimetylolbutanoic, axit dimetylolhexanoic, axit glycolic, axit lactic,

axit malic, axit tartaric hodc axit xitric.

18. Ché pham polyuretan dang nude c6 thé déng ran bang ning luong c6 ngudn gdc sinh
hoc theo diém bt ky trong s6 cac diém néu trén, trong d6 hop chét va nude (Aii) 1a thanh phan
khong chira ion dugc chon tir nhém bao gém polyme polyetylenoxit mono- hodc poly-
hydroxyl hoa hodc polyme polyetylenoxit-co-polypropylenoxit mono- hoéc poly- hydroxyl

hoa.

19. Ché pham polyuretan dang nuge co thé dong rén bang ning lugng c6 ngudn gbc sinh
hoc theo diém bt ky trong s6 cac diém néu trén, trong d6 hop chat (Av) 1a polyol ¢6 ngudn gbc
sinh hoc dugc chon tor nhém bao gém polyol hodc diol béo, xycloaliphatic hodc thom, duong,
ruou dudng, ruou béo hodc ruou béo dang dime, polyol polycacbonat, polyol polyeste, polyol

polyete, polyol polyacrylat hodc hon hop ctia ching.

20. Ché pham polyuretan dang nuéc c6 thé d6ng rdn bang ning lugng c6 ngudn gbc sinh
hoc theo diém bét ky trong s6 cac diém néu trén, trong d6 hop chit mono hodc polyamin (Avi)

142 mot monoamin, diamin hodc polyamin béo, xycloaliphatic hodc thom.

21. Quy trinh tao ra ché phdm polyuretan dang nude c6 thé dong rén bang ning lwong c6

ngudn gdc sinh hoc theo bat ky diém nao trong cac diém néu trén, bao gom cac bude:

(a) tao thanh polyuretan khong bao hoa tir cac hop chét (Ai), (Aii), (Aiii), (Aiv) va tiy

chon (Av) va/hodc (Avi), tiry chon ¢6 mat (B), tiry chon ¢6 mét dung moi;
(b) tury chon, trung hoa ché pham duoc tao thanh trong bude (a);

(c) phan tan ché phidm dugc tao thanh & budce (a) hodc (b) trong nude dé tao thanh
polyuretan khong bdo hoa phan tan;

(d) tury chon, kéo dai chudi polyuretan khong bdo hoa dd phén tan c6 chira cac nhém

isoxyanat du bang cach phan tng v6i hop chat (Avi); va

(e) tly chon, loai bo dung méi xtr Iy trong chan khong.
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22. L6p phu, muc in hodc vecni ph sau in duge didu ché tir ché pham theo diém bét ky
trong cac diém tir didm 1 dén 20 tuy chon con bao gbm cac chét phu gia nhu chét khoi mao
quang hoa, chét tao lién két ngang nhiét, chét 1am Am, chit diéu chinh luu bién, chat khi bot,
sap, chét déng dung moi, chit tao mau, chét mau hodc chat dén vo co cling nhu bét ky chét

phan tan polyme hodc nhii tuong khac voi sang ché.

23. Phuong phéap phu bé mat bang ché phim theo bét ky diém nao trong s6 céc diém tir

1 dén 20, bao gdm céc budc:

e 4apdung ché phdm néi trén 1én bé mit,

e 1am kho nhiét ché pham da duogc dung

e dbng ran ché pham da dugc sdy kho bang nang luong bang cach st dung anh sang cuc
tim nang luong thip (LED) hodc 4nh sang cuc tim ndng lugng cao, bao g(‘”)m anh sang
excimer, voi su c6 médt cua chit khoi mao quang hoa va/hodc tiép xuc v6i chum dién tu

nang lugng cao.
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