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Tom tat

Xop cing Polyurethane (PU) ty trong thdap duiroc tong hop bang phwong phép né tu
do mét giai doan, sir dung dau thau dau nhw mét bio-polyol d@é thay thé cho polyether
polyol truyén théng véi chdt tao bot duy nhdr la nwéc. Anh hiong cia ham lrong dau
thau ddu thay thé va chdt tao bot niede dén trong lwong riéng no tw do, hinh thai bé mat
cua xop va thoi gian phdan #ng duoc khdo sat. Cdu trdc lién két, hinh thai va kich thiréc
té bao bot kin cia xop citng PU dwoc danh gid théng qua phé FT-IR va anh FE-SEM.
Nghién cizu cho thdy dau thau dau cd thé thay thé téi 60-70% hdm heong polyol, xap cing
PU dat trong hrong riéng ne tw do 43,6-45,7kg/m?, mdr dg té bao bot kin cao véi kich
thwéc trung binh cia té bao bot kin tir 279,um c6 tiém ndng thay thé dwoc cho polyether
polyol truyén théng trong san xudt xép cizng PU.

Tor Khod: chat tao bot, dau thau dau, polyol sinh hoc, xop citng polyurethane
Abstract

STUDY ON CASTOR OIL AS A POLYOL REPLACEMENT IN
PREPARATION OF LOW-DENSITY RIGID POLYURETHANE FOAM

Low-density rigid polyurethane foams (PU) were prepared by the free-rise method
using castor oil as bio-polyol to replace traditional polyether polyol and distilled water
as a unique blowing agent. The effect of the content of sustained castor oil and distilled
water on free rise density, surface morphology, and reaction time of foams were
evaluated. The structure characteristics, morphology and closed cell size were
determined by FT-IR spectroscopy and FE-SEM analysis. Results indicated that content
of castor oil could be replaced up to 60-70% by weight of total polyol in rigid PU foam
fabrication with the free rise density of 43,6-45,7kg/m?, high closed cell distribution with
the closed-cell average size of around 279um. The results could bring a potential
alternative to traditional polyether polyol in PU foam production.
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1. it van dé

Trong cac loai vat liéu cach nhiét, x5p cting Polyurethane (PU) dwoc xem la vat liéu
cach nhiét vuot troi va tbi uu nhat hién nay. Xbp cimg PU dugc st dung rat nhiéu trong cac
ung dung cach nhiét khac nhau tuy thudc vao ty trong va co 1y tinh cua ching (Vladimir va
nnk., 2021; Moyeenuddin va nnk., 2018; Nuno va nnk., 2018). Tuy nhién, han ché 16n nhét
cua nganh cong nghiép PU dang gip phai 1a phan I6n cac san pham cach nhiét x4p cing PU
trén thj trudng hién nay déu st dung ngudn nguyén liéu khong than thién véi méi trudng.

Hai thanh phan chinh tdng hop xdp ciing PU 1a Polyether polyol va Polyisocyanate
déu 1a cac san pham c6 ngudn géc tir dau mo. Ngoai ra, hai tc nhan tao bot duoc sir dung
trong cong nghiép san xuat xép PU 14 chét tao bot vat Iy va chét tao bot hoa hoc. Ching
dong vai trd quan trong trong viéc hinh thanh cau tric 16 xp va hiéu qua cach nhiét. Trong
do, tac nhan tao bot vat Iy thuong 1a cac hop chét dé bay hoi va ¢ hé s6 dan nhiét thap
(Vladimir va nnk., 2021). Hiéu qua cach nhiét caa xdp ctiing PU phu thudc cha yéu vao hé
s6 dan nhiét caa cac tac nhan tao bot vat ly. Phan Ié6n cac nha may san xuat vat liéu cach
nhiét PU hién nay déu dang sir dung cac hop chat halogen-free nhu hydrocacbons (n-
pentane, cyclo pentane) 1a thé hé tao bot thir ba than thién véi méi trudng hon cac hop chat
chlorofluorocarbons (CFCs) di bi cAm sir dung theo nghi dinh thu Montreal vi 1am suy
giam tang ozon (Vladimir va nnk., 2021). Tuy nhién, cac hop chat hydrocarbons nay dé
chéy nén can yéu cau nghiém ngat vé thiét bi chira va d6 an toan nha xuong khi st dung.

Viéc tim kiém ngudn nguyén liéu thay thé than thién voi méi truong dang nhan
duoc sy quan tam rat 16n tir cac nha cung cap hoé chit ciing nhu trong linh vyuc khoa hoc.
Nhiéu nghién cu tap trung phat trién bio-polyol tir cac ngudn nguyén liéu tai tao nhu ba
sinh khéi, dau thuc vat hoac cac san pham phu cong nghiép (Moyeenuddin va nnk., 2018;
Nuno va nnk., 2018). Véi wu diém 1a nguon nguyén liéu doi dao va ré tién, doc tinh thap,
¢6 kha nang phan huy sinh hoc, dau thuc vat dang trd thanh nguon tai nguyén tai tao quan
trong dé thay thé cho Polyether polyol trong linh vuc san xuat PU (Nuno va nnk, 2018).
Mot sé loai dau thuc vat dién hinh nhu dau dau nanh (Chu va nnk, 2014), dau co
(Chuayjuljit va nnk, 2010), dau hat cai (Uldis va nkk, 2013), dau thau dau (Lee va nnk.,
2021) duoc st dung nhu mot bio-polyol trong tong hgp PU véi nhiéu ung dung khéc
nhau, tuy nhién ngoai trir dau thau dau, da sé cac loai dau thuc vat déu can thém budc
bién tinh dé dua nhom hydroxyl vao mach phan tir trudc khi sir dung l1am nguyén liéu
thay thé cho polyether polyol (Atika va nnk., 2021).

Dau thau dau dugc biét dén 1a mot triglyceride chiét xuat tir hat caa cay thau dau
(Ricinus communis), ham luong chira téi 90% axit Ricinoleic la mot loai axit béo tu nhién
duy nhat cé sin nhém hydroxyl bac hai trong mach phan tir (Vinay va nnk., 2016). La
ngudn ning luong tai tao gia ré véi uu diém vuot troi so véi cac loai dau thyc vat khac,
dau thau dau dang nhan duoc sy quan tam Ién trong nhiéu linh vye nhu son phu, chat dan
hoi, chat két dinh, x5p polyurethane (Uldis va nnk., 2012). Dau thau dau c6 thé sir dung
truc tiép nhu mot polyol sinh hoc hoic bién tinh bang phuong phap epoxy hoa, khir nuéc,
nhiét phan hoic thuy phan... dé ting gia tri nhém hydroxyl (Ntsako va nnk., 2019).
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Trong nghién ctu ndy, dau thau dau dugc st dung truc tiép ma khong can qua cong
doan bién tinh dé khao sat kha ning thay thé cho nguyén liéu polyether polyol truyén
thong. Glycerol gop mat nhu chét tao lién két ngang nham lam ting gia tri nhém hydroxyl
cua polyol sinh hoc c6 gia tri hydroxyl thap nhu dau thau dau (Atika va nnk., 2021). Bong
thoi, nghién ctiru khong sir dung cac chét tao bot vat Iy c6 nguén gdc tir hydrocacbon nhu
cac cong trinh nghién ctru trong va ngodi nudc ma chi sir dung nude nhu chit tao bot hoa
hoc duy nhét dé than thién véi méi truong hon.

2. Hba chit va phwong phap nghién ciu
2.1. Hoa chat

Dau thau dau (ti trong 0,96g/cm?, chi sb iodine 92) va Glycerol duoc cung cap tir
VWR-Prolabo (Phap). Polyether polyol EXCENOLE (chi s hydroxyl —OH = 400) duoc
mua tr AGC Chemicals Asia Pacific (Singapo). Polymeric 4,4-diphenylmethane
diisocyanate MR-200 PMDI (chi sé cyanate -NCO = 31%) duoc cung cap tir NIPPON
Polyurethane Industry (Nhat Ban). Xac tdc DABCO 33Lv va N, N-
Dimethylethanolamine (DMEA) duoc cung cap tir Han Qubc. NIAX Silicon L6900 cua
COIM ASIA PACIFIC, Tris (cloroethylphosphate) (TCEP) cia BM BEHN MEYER
dong vai tro 1an luot 1 chéat hoat dong bé mat va chat chéng chay. Nudc cat hai lan sir
dung véi vai tro 1a chat tao bot hoa hoc.

2.2. Quy trinh téng hep xép cing PU né tw do

Xdp cing PU duoc ché tao bang phuong phap né tu do mot giai doan. Hon hop
polyol gébm dau thau dau (CO), Glycerol (G), Excenol (EX) duoc khao sat ¢ céc ti 1& %
khéi luong khac nhau nhu Bang 1, trong d6 Glycerol giit ¢ ti 1¢ ¢ dinh 1a 20%. Nuéc
dong vai tro 1a chét tao bot duy nhat dugc khao sét & ti 18 2%-5%. Hon hop polyol duoc
phdi tron & cac ti 18 khao sat nhu Bang 1 trong 30 phut véi toe do khuay 1000 vong/phdit.
Sau d6, PMDI dugc cho vao hdn hop polyol va khudy manh & téc d¢6 3000 vong/phut
trong 30-35 gidy. X6p cting PU dugc no tu do trong cdc nhya 500ml, sau d6 dé 6n dinh
it nhat 24 gio tai nhiét d6 phong dé mau luu hoa hoan toan trudc khi tién hanh phan tich.
Bdng 1. Thi nghiém khao sat anh hueng ciia ham hrong CO va Hz0 trong tong hop xop PU

MAau | Excenol | Dauthau | Glycerol | DABCO/DME NIAX TCEP H20
TN (%) dau (%) (%) A (311) (%) (%) (%) (%)
M1 100 0 0
M2 70 10 20
M3 60 20 20
M4 50 30 20
M5 40 40 20 2 2 2 2-5
M6 30 50 20
M7 20 60 20
M8 10 70 20
M9 0 80 20
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2.3. Théng sé thei gian phdn sng cia qua trinh téng hep xép cing PU

Cream time (thoi gian tqo kem): thoi gian tinh tir thoi diém khudy trén hdn hop hai
thanh phan dén khi hdn hop c6 dang khdi kem. Trong nhiéu truong hop c6 thé dé dang
nhan thay sy thay d6i mau sic caa hdn hop phan ung.

Gel time (thoi gian gel hod): thoi gian tinh tir thoi diém khudy tron dén khi hdn hop
phan ung bat dau chuyén tir trang thai long sang ran. Thoi diém gel hoa duoc xac dinh
bang cach nhing que gd sau vao khdi xdp khoang 1-2cm va thay ¢6 hién tuong kéo soi.
Dén thoi gian ndy phan ing xem nhu da xay ra dugc 50%.

Tack-free time (thoi gian khdng dinh): sau thoi gian gel ho4, toc do x6p cing né
cham dan. Thoi gian khdng dinh tinh tir thoi diém khuay tron dén khi cham nhe dau ngén
tay vao bé mat xop cung khong thay dinh.

Rise time (thoi gian né): thoi gian tinh tir thoi diém khuay tron dén khi x6p cing
hoan toan ngurng no.

Curing time (thoi gian heu héa): x6p cing sé luu héa hoan toan sau 24 gid.

2.4. Phwong phdp nghién curu

Trong lwong riéng né tu do (FRD) cua xdp cing PU duoc xac dinh dua theo tiéu
chuan ASTM 1622-20, theo d6 13y gié tri trung binh trong luwong riéng cua it nhat ba mau
do duoc cat tir 16i cuia mau xp véi kich thude mdi mau do khoang 2 x 2 x2cm. Hinh thai
bé mat va su phan b kich thuéc té bao bot kin duoc quan sat bang may FE-SEM S4800
Hitachi, Nhat Ban. Kich thudc bot kin duoc xac dinh bang phan mém Image J dya trén
anh SEM, do ngau nhién kich thuéc caa it nhat 25 té bao bot kin va lay gia tri trung binh.
Phd FTIR dugc ghi nhan tir may Jasco FT/IR-6600 vai budc song quét tir 500-4000cm™
dé danh gia lién két ctia phan tir dau thau dau trong mang ludi x6p cing PU.

3. Két qua va thao luan

3.1. Khdo sét ti 1¢ thay thé ciia ddu thau dau trong tong hep vat liéu xép cing PU
né tw do

Ham luong dau thau dau duoc khao sat ¢ ti 18 tir O toi 80% trén tong luong polyol dé
danh gia kha ning thay thé cho polyether polyol Excenol trong tong hop xp cirng PU. Mau
M1 véi 100% Excenol duogc lua chon 1am mau chuin dé so sanh. Quan sat d6 thi ¢ hinh 1
cho thay khi tang dan ham lwong CO tir 10% lIén 60% va c6 dinh ham luong Glycerin &
20%, ham lugng tao bot hod hoc nudc ¢ 2%, trong luong riéng no tu do (Free rise density
—FRD) cua xop PU giam dan tir 47,5kg/m® xuéng 43,6kg/me. Ly do chu yéu 1a do dau thau
dau c6 trong lwong phan tir cao nhung chi s6 hydroxyl thap, do d6 cang tang ham lugng
dau thau dau thi ti 16 NCO/OH cang thap, twong dwong vdi luong PMDI phan tng cang it,
dan dén gié tri FRD cua xop cang giam. Tuy nhién, khi ham lugng CO ting trén 70%, gia
tri FRD lai tang 1én dan. Diéu nay c6 thé duoc giai thich 1a do khi ham luong CO qué cao,
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mat do lién két ngang giam 1am céc thanh té bao tré' nén mong hon, khi CO, hinh thanh tir
phan &ng tao x5p bi nhét trong cac té bao bot kin thot ra ngoai din dén ciu tric mang ludi
x6p c6 thé bi pha v& (Mark va nnk., 2008). Quan sat bang mat thuong dé dang nhan thay
mau M8 chira 80% CO c6 bé mat khong dong nhat, xp trd nén mém va bo hon (Hinh 2).
So sanh véi mau chuan MO cd thé thay mau M6 chaa 60% CO va M7 chira 70% CO dat
trong luwong riéng va hinh thai bé mat gan tuong duong nén duoc lya chon dé tiép tuc khao
sat anh huong ti 1& chét tao bot hoa hoc nudc.

Bdng 2. Két qud khdo sét anh hirong ciia ham lirong CO téi FRD va thoi gian phan ing

TN EX/CO/G NCO/OH H20 | Geltime(s) | Tack-free FRD
(%) (%) time (s) (kg/m®)
MO 100/0/0 1,35 2 129 168 44,7
M1 70/10/20 1,64 2 88 90 475
M2 60/20/20 1,56 2 99 105 47,1
M3 50/30/20 1,49 2 105 120 46,9
M4 40/40/20 1,41 2 105 119 46,1
M5 30/50/20 1,33 2 114 122 43,9
M6 20/60/20 1,26 2 120 125 43,6
M7 10/70/20 1,18 2 145 150 45,7
M8 0/80/20 1,10 2 218 220 54,4
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Hinh 1. Do th; biéu dién dnh hurong cua ham luwong CO dén trong lwong riéng no ty do
cua xop cing PU

Hinh 2. Cac mdu xop ciing PU téng hop vdi cde ham lirong CO tir 0% téi 80%
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Hai thong sb thoi gian phan ¢ng quan trong trong qua trinh tong hop xbp cing PU
la Gel time va Tack-free time duoc thé hién qua Hinh 3. Quan sat dd thi cho thdy thoi
gian phan tng ting khi ting dan ham lugng CO tir 10% 1én 80% do ham luong CO cang
tang, phan tng tao gel gitra nhom hydroxyl cia phan tir CO va nhom isocyanate ctua phan
tar PMDI xay ra cang cham, dan dén thoi gian phan ung tang dan.
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Hinh 3. Bé th; biéu dién dnh hurong cua ham lrong CO dén thoi gian phan iing

Cau truc lién két caa xop cang PU tong hop tir polyether polyol Excenol va CO duoc
khao sat qua pho FTIR (Hinh 4). Céc dinh dic trung dai dién cho céc lién két trong x5p cting
polyurethane thé hién ¢ 3347-3378cm™ va 1509-1510cm™ duoc gan cho dao dong kéo va
udn ciia nhém -NH. Binh xuét hién & 2288cm™ dic trung cho dao dong ciia nhdm isocyanate
-NCO, trong khi d6 dinh xuét hién ¢ dai bugc séng 1700-1712cm ™ dic trung cho dao dong
kéo d&n caa nhém cacbonyl trong lién két urethane. So sanh vai phd FTIR cua x6p ciing PU
téng hop tir Excenol (M0), mau xdp PU tong hop tir CO (M6) xuat hién thém mét sé dinh
phd méi dic trung cho lién két cia mach phan tar CO. Pinh phé xuat hién & budc song
3009cm™ dic trung cho dao dong C=C, dai phd ¢ 2855-2926cm™ va 1452cm™ dic trung
cho dao dong kéo va udn cia nhém -CHa trong mach aliphatic (Lee va nnk., 2021; Camila
va nnk, 2017; Lukasz va nnk., 2014). Két qua phd FTIR cho thay c6 su lién két gitta nhém
hydroxyl bac hai trong mach phén tir CO va nhom cyanate trong mach phén ti: PMDI hinh
thanh tir phan ng tao gel trong qué trinh tong hop xép cang PU (Hinh 5).
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Hinh 4. Phé FTIR cua xop cing PU tong hop tir 100% Excenol (MO0) va 60% CO (M6)
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Hinh 5. Phdn iing tgo gel hinh thanh lién két urethane giza dau thau dau va isocyanate

3.2. Khdo sdt anh huéng ciia ham luong nwéc trong tong hop vit liéu xép citng PU
Ty 16 CO ¢ 60% va 70% duoc lwa chon dé khao sat anh huong cua ham luong nuéc

tGi trong luong riéng va thoi gian phan ang cua xop cang PU. Do thi & Hinh 6 cho thay
khi tang dan ham luong nuéc tir 2% Ién 5%, trong luong riéng FRD cua xop PU giam
dan tir 43,6kg/m® xudng 28,7kg/m? ¢ ti 16 CO 1a 60% va giam dan tir 45,7kg/m® xudng
29,6kg/m?® & ti 1& CO 1a 70%. Piéu nay dugc giai thich 1 do khi ting ham lwong nudc,
phan ung tao foam gitra nhdm hydroxyl cua phén tir nudc va nhdm isocyanate cua phéan
tir PMDI (Hinh 8) dién ra manh liét dan dén hinh thanh nhiéu khi CO2 duoc bao boc trong
céc té bao bot kin, ldc nay thé tich pha khi cang tang dan dén trong luong riéng cua x6p
giam dan (Camila va nnk, 2017). Nguoc lai, thoi gian phan tng ting dan khi ting ham
lwong nudc tir 2% lén 5% nhu do thi thé hién & hinh 7.

Bdng 3. Két qua khao sét dnh hweng ciia ham heong nwéc téi FRD va thoi gian phan ing

TN EX/CO/G | NCO/OH H2O | Gel time | Tack-free | FRDeo FRD7o FRDo
(%) (%) (s) time(s) | (kg/m® | (kg/m®) | (kg/m®)
M6 1,26 2 120 125 43,6 - -
M6a 1,42 3 125 177 39,2 - -
M6b 20/60/20 1,58 4 150 194 31,9 - -
M6c 1,74 5 179 236 28,7 - -
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M7 1,18 2 145 150 - 457 -
M7a 1,34 3 178 208 - 40,3 -
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Hinh 6. P6 th; biéu dién anh hieong ciia ham lirong Ha20 tdi trong lwong riéng cia PU
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Hinh 7. Do th; biéu dién dnh hwong ciia ham lwong chat tao bot H,0
téi thoi gian phan ing ¢ ham lirong CO thay thé (a) 60%; (b) 70%
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Hinh 8. Phan ing tgo foam giiza isocyanate va nuoc giai phong khi CO2
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Hinh 9. Anh SEM va biéu d6 phan bé kich thiréc twong iing ciia CAc mau xop cieng PU
cua (a): MO, (b): M6, (c): M9, (d): M6c
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Quan sat anh SEM va biéu d6 phan b kich thuéc & hinh 9 cé thé thay khi ham
lwong chét tao bot 1a nude cang tang, kich thudc céc té bao bot kin cang 16n, dong thoi
vach ngin gitra cac té bao trd nén mong hon. Két qua ¢ bang 4 cho thiy khi ting ham
lwong nudc tir 2% 1én 5%, kich thudc trung binh cua té bao bot kin tang tir 236pum Ién
246um trong trudng hop st dung 100% polyol Excenol, tuong ty V& mau x6p ¢ ham
lwong dau thau dau 60%, kich thudc trung binh cua té bao bot kin tang tir 279um Ién
378um. D& dang nhan thay rang khi st dung dau thau dau dé thay thé cho polyol Excenol,
kich thudc té bao bot kin tré nén 16n hon, cu thé ting 18% ddi véi truong hop sir dung
2% nude (MO va M6) va ting 53% déi véi truong hop st dung 5% nudc (M9 va M6c) so
véi khi khong sir dung dau thau dau.

Bdng 4. Kich thwéc trung binh té bao bot kin cia cac mdu xop cing PU

Mau EX/CO/G (%) H20 (%) Kich thwéc trung binh bet kin (um)
MO 100/0/0 2 236
M6 20/60/20 2 279
M9 100/0/0 5 246
M6c 20/60/20 5 378

4. Két luan

Nghién ctru tong hop thanh cong xdp ciing PU ty trong thap bang phuong phap nd
tu do mot giai doan, trong d6 ham luong dau thau dau dugc khao sat dé thay thé cho
polyether polyol Excenol va sir dung nuéc 1 chat tao bot duy nhat. Trong luong riéng né
tu do, thdng s6 thoi gian phan tng va hinh thai bé mat xp cing PU da duoc khao sét.
Két qua cho thay ham luwong dau thau dau cang ting, trong luong riéng cua xdp cang
giam, nguoc lai thoi gian phan tng ting dan. Chat tao bot nudc dugc khao sat o ti 1é tir
2-5% cho thay khi ting ham luong nudc, trong lugng riéng cua x6p giam dan, thoi gian
phan tng tang dan, ngoai ra kich thudc trung binh cua té bao bot kin 16n hon khi sir dung
dau thau dau so vai polyol Excenol. Nghién ciru cho thay dau thau dau c6 kha ning thay
thé t6i 60-70% ham luong Excenol, xop cimg PU dat trong lugng riéng 43,6-47,5kg/m?
& ham luong chit tao bot nuéc 2%, mat do té bao bot kin cao véi kich thudc trung binh
tir 279um cd tiém ning (ng dung trong mot s6 linh vuc cach nhiét.
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