NGHIEN CUU & TRIEN KHAI

TONG QUAN CONG NGHE TRANG PHU AN TOAN,
THAN THIEN VOT MOI TRUONG CHO SAN XUAT
GIAY CHONG THAM VA CHIU NHIET SU DUNG
TRONG CHE BIEN THUC PHAM
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TOM TAT:

Nhu cau thay thé nhua trong bao goi va ché bién thuc phdm dang thac ddy phat trién gidy chiic nang cé
I6p pht chéng tham dau ma/nudc va kha nang chiu nhiét. Tuy nhién, véi I6p phi truyén théng nhu nhua
PE, sap thudng kho tai ché, c6 thé gay hai dén stc khde con ngudi, khién nhu cau sir dung cac gidi phap
an toan va bén viing tré nén cap thiét. Bai bao trinh bay téng hgp cac nhém I6p phd chinh gom silicone,
polymer sinh hoc (nanocellulose), I6p pht vé co va cac hé hitu co-vé co, dua trén co ché tao rao can, kha
nang chéng tham, chiu nhiét va muc dé an toan tiép xtc thuc phdm st dung cho gidy chéng thdm va chiu
nhiét dung trong ché bién thuc pham. Déng thai, cac phuong phép danh gia hiéu suat va an toan cta I6p
pht trong diéu kién ché bién thuc té cling dugc thao luan. Téng quan cho thay cac hé trang pht sinh hoc
va da I&p la hudng phat trién tiém nang cho vat liéu gidy bén vimng trong nganh thuc pham.

Tur khéa: gidy chdng thdm, gidy chiu nhiét, gidy nuéng, I6p phu than thién méi trudng, gidy va bét gidy.

1. MO PAU

Trong bdi cdnh toan cau hda va xu hudng chuyén
dich sang m6 hinh kinh té tuan hoan, nganh céng
nghiép thuc phdm dang phai d6i mat vdi ap luc phu
thudc vao nhua va céc vt liéu c6 ngudn géc héa dau.
Hién nay, phan I6n vat liéu dung cho bao go6i thuc
pham la vat liéu ti nhua, véi cac thi trudng chinh nhu
bao g6i d6 én nhanh, lam banh, chia dung d6 uéng.
Chi 26% la vat liéu nén gidy, va trong phan nén gidy
dé chi 43% la gidy dugc xt ly bé mat bang héa chat,
bao gobm cac hé trang phu sap va hop chat fluor. Tuy
nhién, viéc st dung cac vat liéu khéng thé tai tao va
khong phan hay sinh hoc nhu vay khéng chi gay ra
moi de doa cho moi trudng va stc khde con ngudi ma
con thai ra khi nha kinh. Ngoai ra, viéc st dung nhya
va cac vat liéu g6c nhién liéu hoa thach lam I6p pha
chan trong bao bi bang gidy khién viéc téi ché tré nén
kho khan, lam tang chi phi tai ché téng thé va gay ra
nhing lo ngai vé méi da thac day viéc tim kiém céc vat
lieu thay thé an toan hon [1].

Gidy vdi uu thé vé ngudn géc tai tao va kha nang
tai ché than thién méi truong, dang dugc xem la vat
lieu quan trong dé thay thé nhua dung mét lan hodc

vat liéu pha nhya PE trong nganh c6ng nghiép thuc
pham. Pic biét, gidy khong chi c6 vai trd bao goi ma
con tham gia truc tiép vao cac cong doan ché bién
nhu nudng, hap, thdm dau/nudc... Nhiing ting dung
nay dat ra yéu cau ky thuat cao han so véi gidy bao
géi théng thudng, do gidy phai déng thai chiu nhiét
dé cao, haoi 8m, va tiép xtic ddu mé. C6 hai nhém ng
dung gidy chinh yéu cau tiép xuc vai thuc pham:

- Nhém gidy bao goi (packing paper) gitup chura
dung thuc phdm da qua ché bién nhu chia d6 &n
nhanh, banh, keo... Pham vi iing dung réng rai clia loai
gidy nay da tao ra mot thi trudng toan cau dang ké. Tu
nam 2010, téng san lugng toan ciu xap xi 2,40 triéu
tan [2]. Trong riéng nganh thuc pham, lugng tiéu thu
khoang 178.000 tan/nam [3]. Theo bdo cdo mdi nhat
cla Fact.MR, thi trudng gidy chéng dinh toan cau udc
tinh dat gid tri 12,88 ty USD vao nam 2024 va du kién
sé tiép tuc tang Ién 20,39 ty USD vao cubi nam 2034.
Nhu cau dugc danh gia sé tang trudng véi téc dé tang
truéng kép (CAGR) la 4,5% trong vong 10 nam t4i.

- Nhém gidy chéng tham dau va chiu nhiét s
dung truc ti€p cho qua trinh ché bién. Thi trudng gidy
nuéng va gidy nau an du kién sé tang trudng tu 3,2 ty
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USD nam 2025 lén 6,8 ty USD vao nam 2035, dat t6c
d6 tang trudng kép hang nam (CAGR) 1a 7,9%. Nhu cau
st dung cla gidy gan lién véi san xuat banh mi chiém
48% t6ng lugng st dung, tiéu thu banh nuéng tai nha
va hoat déng am thuc chuyén nghiép.

Trudc day, dé dat hang rao chéng tham dau mé
hodc nudc, cong nghé xit ly bé mat thuong dua vao
nhing hé pha c6 hiéu nang manh, c6 nang luong bé
mat thap nhu fluoroalkyl silane (FAS) dé tang cudng
kha nang chéng tham chat long cda gidy. Mac du cac
giadi phap nay mang lai kha nang khang dau mé/ nuéc
hiéu qud nhung c6 thé di kém hai thach thic dé la:
khé tai ché do I6p phu tao mang bén, kho tach khoi
XG s@i va nguy co thoi nhiém. Do d6, xu huéng hién
nay la phat trién gidy chic nang theo hudng an toan
han, bén viing han, trong khi van dam bao hiéu nang
& diéu kién st dung thuc té (dac biét khi co su ti€p xtc
véi nhiét).

Cellulose gébm cac chudi B-(1->4)-D-glucopyranose
lién két véi nhau bang lién két hydro, tao nén mang
luéi vi sgi (microfibrils). Cdc nhém hydroxyl (-OH) day
dac trén bé mat cellulose la nguyén nhan chinh gay ra
tinh ua nudc cao, kha nang hap phu lam suy giam dé
bén khi ti€p xuc nhiét va am. Do dé, cac cdng nghé x{
ly cellulose thudng tap trung vao: gidm mat dé nhém
hydroxyl tu do, lam dac cau truc giady, giam do xép,
tang lién két ndi bo va 6n dinh nhiét.

2.1. Cong nghé xtt ly co hoc

S dung cdng nghé nghién phan tg, chéi héa trén
may nghién chuyén dung gitp lam tang dién tich bé
mat sgi va kha nang lién két gilta cac sgi cellulose,
giup tang do6 bén co hoc, giam d6 x6p cua gidy [4]. Tuy
nhién, nghién qua muc c6 thé lam ting kha nang hut
nudc va khong da dé tao tinh chéng tham dau.

Bén canh do6, nén, ép va can lang giup lam tang
mat do gidy, giam kich thudc 16 réng, tir dé cai thién
kha nang chéng tham & muc nhat dinh. Day la bién
phap ho trg, thuong két hgp vai cac xtrly hda hoc hoac
[&p pha.

Uu diém: Pat cac chi tiéu ca ly cda gidy.

Han ché: kha nang chéng tham va chiu nhiét
khéng cao.

2.2.Cong nghé xit ly héa hoc

Cong nghé xu ly gidy cellulose bang axit manh
trong thai gian ngan, tao 16p cellulose bién tinh c6 mat
d0 cao va d6 bén uét I6n [5]. Qua trinh nay lam truong
n& va tai cau tric bé mat cellulose giup gidm dang ké
d6 x6p va kha nang tham nudc. Tao ra gidy phu hgp
cho cac I16p pht chéng tham va chiu nhiét. Ly do cac
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sai cellulose tinh ché cao c6 thé chéng thdm dau mé&
khéng chi la do mat dé cao cla cac I6p gidy nay ma
con do lién két hydro rong réi va co t6 chuc xay ra gilta
cac bé mat cellulose dugc lam kho trong khi van ti€p
xtc véi nhau. Y tudng nay dua trén viéc lién két hydro
c6 nang luogng tuong d6i cao so vaGi thanh phan luc
phan tan cda luc van der Waals. Do d6, cac vat liéu c6
kha nang hinh thanh lién két hydro, dién hinh la nhiing
hé giau nhom -OH, khi dugc sap xép thanh mot mang
lién két day dac sé tao ra cac I6p mang chan hiéu qua.
Nguac lai, cac polyme khéong phan cuc nhu polyetylen
(PE) cht yéu dua vao luc van der Waals phan tan, nén
khé hinh thanh mang tuong tac chét ché, dan dén kha
nang can khi va hoi am thugng kém hon.

Bé mat soi hodc vi
soi Xenlulo

Lién két Hydro

B& mat Xenlulo tha Lién két c:fng hoa
hai -

Hinh 1. Minh hoa s d6 vé céch cdc lién két hydro khi
parchment héa

Uu diém: Qua trinh x{ ly don gian.
Han ché: Chua dat dugc hiéu qua chéng tham va
chiu nhiét phu hgp véi nhu cau.

3.1. X& ly bé méat bdng 16p phd nhi tuong
silicone SYL-OFF™ khang nudc va chiu nhiét

Cong nghé xtr ly bé mat bang nha tuong silicone 1a
phuang phap pha dugc uu tién cho nhiéu ting dung
khéac nhau, bao gém ca cac ting dung co su tiép xuc
vGi thuc pham. Ky thuat nay dua trén hé silicone dong
rén kiéu cong hop dung xuc tac platin, silicone sau khi
dong ran kha tre va bén nhiét do thanh phan chinh
clia ldp phu chéng dinh silicone la cac polyme silicone
phén tng c6 chubi lién két Si-O-Si vai nang lugng lién
két cao hon dang ké so vai cac polyme chubi carbon
truyén théng. Dac tinh nay mang lai dé 6n dinh nhiét
va khé nang khang hoéa chat vugt troi, it bi phan hay
hodc bién tinh khi gdp nhiét d6 cao, gidam nguy co tao



cac sdn pham khéong mong mudn trong diéu kién s
dung néng [6]. L&p phu silicone hoat dong thong qua
co ché sau:

- Nang lugng bé mat thap (bé mat giau nhém -CH,
ky nudc) : VGi stic cang bé mat toi han 1a 19-24 dyn/cm
(thdp han dang ké so véi ddu mé, khoang 30 dyn/cm),
giup gidm thiéu su bam dinh, ddm bao su tach r&i tu
déng gilra thuc phdm va gidy trong qua trinh ché bién.

- Khd nang chiu nhiét: C6 kha nang chiu dugc nhiét
dé tir-55°C dén 300°C, duy tri sy 6n dinh & 220°C trong
20 phuat ma khéng bi phan hay, dap tng nhu cau su
dung cho muc dich nuéng banh hodc noi chién.

- Tinh tro héa hoc: Khong phan Uing véi cac thanh
phan thuc phdm, dap (ing cac tiéu chuén an toan thuc
pham (vi du: FDA, EU 10/2011).

- Rao can vat ly: Tao ra moét 16p ky nudc déng nhat
trén bé mat gidy, lam gidm su ti€p xdc truc ti€p vai
thuc pham.

- D6 bén: Sau qua trinh x{ ly, I6p phd thé hién tinh
6n dinh va kha nang tai st dung.

Trong cac Uing dung pha nhu gidy thuc pham hoac
nhan déan, hé phu nhi tuong géc nudc gém hai phan
phan Ung dugc trén ngay trudc khi phu:

« Phan A chira polymer va chat lién két chéo.

- Phan B chua chat xuc tac platinum dugc pha
lodng trong polymer dé dé thao tac.

Viéc pht nha tuong kha dé va c6 thé thuc hién
online nhu moét phan cla quy trinh trang pha théng
thudng trong san xuat gidy. Theo bao cao cac két qua
thr nghiém ctia Tap doan hoéa chat Dow [7] cho thay,
gidy dugc phu véi khoang 0,30 g/m” chat nhi tuong
da cho dac tinh chéng dinh cao. Gia tri @6 cham tham
huat nudc Cobb,, do dugc khoang 8-15 g/m? Vat liéu
chéng thdm tao ra c6 thé dung trong 16 vi séng, tai ché
lai bét va phan hav trona méi trudna dat. Bén canh do.
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gidy chéng tham va chiu nhiét can kha nang khang
dau t6t theo thai gian, diéu nay cling quan trong. Mét
I6p pha bién tinh clia nha tuong cé thé cho gia tri
ch6ng thdm dau (KIT) 1én dén 12,

DPé tang cudng khad nang chéng thdm nudc cla
vat liéu bao bi lam tur gidy, mot 16p phd nhi tuong
c6 dac tinh chdng thdm nudc cao da dugc phat trién
dé ung dung cho cac vat liéu nay. Lép phu nay dugc
téng hop bdng cach st dung isooctyl acrylate, lauryl
methacrylate, styrene va axit methacryliclam monome
phéan (ng, organosilicone KH151 lam chat lién két,
heptadecanol polyoxyethylene ether monophosphate
lam chat nhii héa va glycerol triglycidyl ether lam chat
lién két chéo sau dé. Théng qua quy trinh trung hop
nhl tueng mam, mét nhia tuong styrene-acrylic bién
tinh organosilicone géc nudc da dugc ché tao mot
cach chuyén nghiép. Sau khi dugc trai 1én gidy nén va
lam kho, 16p pht nha tueng cé kha nang chéng tham
nudc cao da dugc thu dugc. Két qua cho thay su giam
dang ké vé kha nang hap thu nudc tir 89,23 xuéng con
3,15 g/m? & trong lugng I6p pht 3,01 gsm trén gidy
nén, va khéng quan sat thdy hién tugng tham nudc
& mat sau cla gidy trong 20 phut, ching t6 dac tinh
chéng thdm nuéc cao cda Iép phd. Hon nia, I6p phu
nay con c6 uu diém la chéng bam dinh va chiu dugc
nhiét do dudi 360,3 °C. Nh{i tuong I&p phu khong gay
nguy ca doc tinh cap tinh & néng dé thi nghiém 100
mg/L, cho thdy tinh an toan khi ing dung trong vat
liéu bao bi lam tu gidy [8].

3.2. Lép phu bio-polymer

Song song véi I&p pht nhii tuong, cac I6p pht bio-
polymer dang dugc nghién ciru manh mé nham déap
Ung yéu cau bén virng. Cac hé dua trén polysaccharide
(tinh bot bién tinh, dan xuat cellulose, chitosan) c6
kha nang tao mang va déng mao quan tét, trong khi
nanocellulose (CNF/MFC) giup
tang d6 chat bé mat va giam
khuyét tat cha Iép pha.

Nam 2022, Kai Yi va cong
su da nghién cdu tao I6p phu
don gidn véi huyén phu CNF
dé chéng thdm dau mé va
[am min bé mat gidy. Sau do,
phun cac I6p phu bao gém
XU ly nudc polydimethylsiloxane  (PDMS)

l va cac vi hat CNF (CNFmp) Ién
bé mat dé tao kha nang chéng
thdm nudc cho gidy (Hinh 3).

Céc nghién cdu anh hudng
clianéng d6 CNF, d6 day I6p phu
va |&p thu hai PDMS va CNFmp
Ién d6 6n dinh nhiét, tinh chat co
hoc, kha ndng chéng tham nudc

BE& tron
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Hinh 3. Mé phdng qué trinh tao 16p phi chdng thdm Ién bé mat gidy

va dau, kha nang chan khi cta gidy da dugc nghién
ctu. Khi néng dé huyén phu CNF dung dé phu dat
2% trong lugng, do day I&p CNF [a 16 um va dé day
I6p pha thd hai [a 18 um, gidy thé hién dd bén kéo
tuyét vai (35,02 + 2 MPa), kha nang ch6ng tham nudc
cao (goc tiép xdc nudc WCA la 141° + 3,2°), kha nang
chéng dau (91,8° + 1,9°, chi s6 KIT dat 12/12) va kha
nang can khi (1,38 £ 0,2 mL/giay). Nghién ctu nay c6
tiém ndng I6n trong viéc ché tao cac vat liéu cé kha
nang can khi cao, khéng chua flo, va chéng nudc/
dau trong linh vuc bao bi thuc phdm [9]. Tuong tu,
Hamdani va cong su da nghién ctru phuong phap dé
tao ra gidy chéng tham dau bang cach st dung lop
phu poly(dimethylsiloxane) (PDMS) phan tan trong
nudc, khong chia flo, than thién véi moi trudng trén
gidy kraft. PDMS chic nang carboxyl (PDMS-COOH)
dugc téng hop va sau dé dugc trung hoa bang amoni
bicacbonat dé thu dugc nhi tuong géc nudc, sau d6
dugc phu lén gidy kraft. Kha nang chéng nuéc ctia gidy
dugc phu dugc xac dinh thong qua phép do Cobb,.
Gia tri Cobb, gidm xuéng con 2,70 + 0,14 g/m? so vdi
87,6 5,1 g/m? d6i vai gidy khéng trang phu, cho thay
su cai thién dang ké vé kha nang chdng nudc. Tuong
tu, kha nang chéng dau dugc xac dinh la 12/12 trén
thang do th{r nghiém so véi 0/12 d6i véi gidy khong
trang pha. Ngoai ra, gidy trdng phu gilr lai dugc 70-
90% cac dac tinh co hoc vén cé clia né, va quan trong
haon, gidy trang phu dugc tai ché théng qua qua trinh
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thu héi bét gidy bang cach st dung quy trinh tiéu
chuén véi hiéu suat 91,1% [10].

Viéc két hgp polysaccharide va nanocellulose
trong cac I6p phi composite cho phép thiét ké hang
rao da chidic nang: 16p nén sinh hoc d6ng mao quan
két hgp vai I8p ky dau/ky nudc mong & bé mat. Cach
ti€p can nay dac biét phu hop vai xu hudng PFAS-free,
déng thai duy tri kha nang tai ché cua giay.

Giay chéng tham va chiu nhiét dang gilrvai trd ngay
cang quan trong trong nganh céng nghiép ché bién
thuc phdm. Tuy nhién, cac cdng nghé xt ly cellulose
truyén thong hién nay van chua dat hiéu qua cao vé
kha nang chéng tham, dac biét la kha ndng chiu nhiét
& diéu kién ché bién. Trai lai, nhiéu nghién ctu gan
day cho thay cac phuong phéap xir ly bé mat va trang
pha, bao gom 1&p phu silicone, polymer sinh hoc (nhu
nanocellulose), vat liéu vo co, cling nhu cac hé lai hu
co-vb o, ¢6 thé cdi thién dang ké tinh chéng tham va
d6 bén nhiét cta gidy. Bén canh d6, nhiing han ché
lién quan dén tac dong méi trudng va kha nang tai
ché ctia cac cong nghé truyén théng dang thuic day
viéc phat trién cac giadi phap xd ly méi theo huéng an
toan va bén viing hon. Cac dinh huéng nay dugc ky
vong sé gép phan tao ra cac vat liéu gidy chiic nang
dap Uing dong thoi yéu cau vé hiéu nang, an toan thuc
pham va than thién véi méi trudng+
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AN OVERVIEW OF SAFE AND ENVIRONMENTALLY
FRIENDLY COATING TECHNOLOGIES FOR THE
PRODUCTION OF RELEASE AND HEAT RESISTANT
PAPER USED IN FOOD PROCESSING
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Research institute of pulp and paper industry

The increasing demand to replace plastics in food packaging and food processing applications has
accelerated the development of functional paper materials featuring grease- and water-resistant coatings
together with sufficient thermal stability. Nevertheless, conventional coatings such as polyethylene (PE)
and wax suffer from limited recyclability and may raise concerns regarding food safety, highlighting the
urgent need for safer and more sustainable alternatives. This review provides a comprehensive overview of
major coating technologies, including silicone-based coatings, biopolymer coatings (e.g., nanocellulose),
inorganic coatings, and organic—inorganic hybrid systems. These approaches are critically analyzed in terms
of their barrier formation mechanisms, resistance to oil and moisture, thermal stability, and suitability for
food-contact applications. Furthermore, commonly used methods for evaluating the performance and safety
of coated papers under realistic food processing conditions are discussed. Overall, the review identifies
biobased and multilayer coating systems as particularly promising strategies for the development of
sustainable, high-performance paper materials for food processing and packaging applications.

Keywords: release paper; heat-resistant paper,; baking paper, coatings; pulp and paper.

CHUYEN SAN KH&CN »(SG 02 - 2026) | 71



