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Figure S1. Stress-strain behavior. Shear stress vs. shear rate change with different concentrations (a) [1]; Viscosity change
for various concentrations of solution (b) [1]. Reproduced with permission from [1]. John Wiley and Sons and Copyright

Clearance Center 1998.
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Figure S2. Thixotropic behavior. Time-dependent thixotropy vs. rheopexy, 3(a) [2]; hysteresis system of thixotropy, 3(b)
[3]; mechanism of thixotropy, 3(c). Reproduced with permission from [2, 3]. Elsevier and Copyright Clearance Center;
Copyright © 1991 and Copyright © 2012.
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Figure S3. Influencing factors on CMC viscosity.
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Table S1. Synthesis of CMC from various plant-based precursors and their characteristics.

Textile-  Cellulosic percentage

based pre- and structural composi-

Obtained  Obtained physio-

Synthesis routes degree of chemical properties of

Targeted potential Ref

L. substitution the synthesized CMC fields of application
cursors tions in the precursor
(DS) product
For Agave lechuguilla,
Cellulose: 79.80%,
1 e 3 00
Hem,l Cel,hﬂose' 3060 s Extracted fibrous materials
Lignin: 15.30%, were suspended in a 2-pro-
Agave lechu-  Other extracts: 2.00- p P 0.54-1.58
) panol solvent and later mer- . The products were ob-
guilla and 4.00%. . . . (obtained by . 1 1
cerized with NaOH. This tained with high water
Agave four- HPLC anal- . . N/A [4]
process was followed by car- . solubility and multiple
croydes For Agave fourcroydes, boxymethylation with ‘MCA ysis) el-forming properties
Cellulose: 77.60%, y };t 550 & & PTop '
Hemicellulose: 5.00- '
7.00%,
Lignin: 13.10%,
Other extracts: 3.60%
Cellulose: 95% Treated in isopropanol/wa- . .
. . . High retention of wa-
Cotton fi-  Non-cellulosic compo- ter or ethanol/water medium . . Absorbent wound  [5-
. . . 0.3-04 ter and antimicrobial .
bers nents including wax, pec- with NaOH and monochlo- solution dressings 7]
tin, protein, ash, etc. roacetic acid
Two-step alkylation-etherifi- Viscosity as well as
. other physiochemical
cation process. . . .
. .\ properties varied with
(Optimum conditions- . . i
Degree of polymeriza- the reaction conditions
15% NaOH and cellulose: . .
. tion: 255-285, (i.e., temperature, the
a-cellulose: 43.20%,  solvent ratio = 1: 8 for alkyla- . . .
Bamboo . . Viscosity > 260 mPa.s concentration of
. Hemicellulose: 25.10%, tion, >0.80 . . o . [8]
shaving .. o . (experimented with 1% NaOH, and reaction
Lignin: 15.20%. Alkylation temperature was . . .
. . CMC solution) time). Therefore, appli-
30°C (70 minutes), carbox- -
. . cation fields can be
ymethylation with MCA and .
. varied and controlled
the etherification tempera- by the synthesis condi
ture was 55°C (90 minutes) Y Y .
tions.
N/A.
(Obtained CMCs pro-
. vided a moderate vis-
Alkylation of cellulose pow- cosity lower than com:
Banana der by NaOH (5-30%, the mei]cial CMC prod
best result in 15%) at 25 °C Obtained CMC purity: P
pseudo- . o ucts. On the other
(Thour). This process was 98.23%, .
stem (Musa N/A pe . 0.75 .. hand, as the purity of [9]
o followed by etherification Crystallinity: 38.33%,
cavendishii with sodium-monochloroa Viscosity: 4033 cps the products was less
LAMBERT) L 50¢ y: PS5 than 99.50%, it would
cetic acid (Na-MCA-®) at 55 be a potential product
°C for 3 hours. POt pro
for various applica-
tions as a helpful tech-
nical grade CMC).
Multiples pre-steps were
conducted (such as pre-hy- .
Moist tent:
drolysis with H2SOs, bleach- o8 ;1 r;(;;on en Synthesis of antimicro-
D P Mol oo
Bean hulls N/A ye 0.70 257.00 growtiand o
crystalline form of CMC. The . effects of certain etio-
. Appearance: white-col- .. .
rest of the process (i.e., con- ored logic microbes in pa-

ventional alkylation-etherifi-
cation) was optimized at the
following conditions-

Melting point: 304°C

tients.




Alkylation with 20% NaOH
(drop-wise addition for 30
minutes, followed by 1 hour
stirring at room tempera-
ture), etherification with
‘MCA (drop-wise mixing for
30 minutes followed by con-
tinuous stirring of 2 hours at

60°C)
Cellulose: 35.00%, . . .
Hemicellulose: 11.00%,  Alkylation-etherification Ol holding capacity:
L. 2.12 g/g,
Lignin: 15.00%, method. ;
Cacao (Theo- . . . . . Water holding capac-
Mineral potassium: (Optimum reaction condi- . [11]
broma cacao ) 0.75 ity: 3.73 g/g, N/A
) pod husk 3.18%, tions- 15% NaOH, 4g Na- Vi itv: 20610
- pod hus Calcium: 0.32%, ‘MCA, temperature 55.93°C, SC.OS ty: U CPS,
Phosphorus: 0.15% time=3 hours) Yield: 141.60%,
OSpRoTHs: BAo7o € ours Lightness: 56.61
Two-step alkylation-etherifi- Water-soluble mate-
cation method. rial.
a-cellulose: 34.45%, (?ptlmtm )sfliciagc:)DSI D:ffe;in:nDj ;alu(;s d
Corn cobs  Hemicellulose: 28.23%, vaiie wete obtained by a 118 Vere ovtaned cepe N/A [12]
Klason lienin: 14.01°% kylation with 25% (w/v) ing upon the treatment
ason Heti: 12575 NaOH treatment and etheri- (mercerization and car-
fication with 2.4 mol/AGU? boxymethylation) con-
MCA for 3 hours (at 60 °C)) ditions.
Alkylation-etherification Obtained CMC purity:
process (alkylation with 30 '/o >99.'99. Yo, As an additive in foods
(w/v) NaOH at 30°C, etheri- Water retaining capac- ..
Cornhusk N/A . . 241 . and pharmaceutical in-[13]
fication with 120% (w/v) ity: 5.11 g/g, .
Lo . .. . dustries.
monocholoroacetic acid at Qil retaining capacity:
55°C, 3.5 hours) 1.59 mg/g
Appearance: white
powders,
Viscosity-average mo-
lecular wt, (Mv) =1.94
Alkylation-etherification of 0.57 (+ 0.2%) x 10* - 2.48 x 10* g/mol
crude cellulose (from corn  atalkali: ~ Water solubility: 88.6
husk) with NaOH and chlo- ether: feed- (wt%) at al-
Cellulose: 35.31%, roacetic acid, respectively. stock = 4.0: kali/CAP/cellulose ratio
. L Surfactants, deter-
Cornstalk Hemi-cellulose: 32.58%, (75°C, 1.5 hours). To finalize  2.5: 1.0, 4:2.5:1, and 95.60 ents, thickeners (in [14]
Lignin: 18.57%, the product, it was neutral-  0.85 (+ (Wt%) 88.60 (Wt%) at gents,

Extractives: 1.34%.

ized by HC], filtered,
washed with ethanol (95
vol%), and finally dried at
105 °C (3 hours).

0.40%) at al- alkali/CAPb/cellulose ra-
kali: ether: tio at 4.6:2.8:1.
feedstock = Viscosity: 8.65 (at al-
4.6:2.8: 1.0. kali/CAb/cellulose ratio
4:2.5:1) and 16.34 (at al-
kali/CAb/cellulose ratio
4.6:2.8:1)

coating industries), etc.

Durian rind N/A

Tensile strength (high-
est): 140.77 MPa,
Rate of water-vapor
transmission (highest):
220.85 g/day'm?,
The viscous property
of the product was var-
ied with temperature

Conventional alkylation-
etherification process.
(Alkylation was conducted
by NaOH using isopropanol
solvent, followed by the
etherification process with
MCA for 3 hours at 55°C).

0.87

binding and film-form-

Sustain releasing
agent, gelling agent in
pharmaceutical and bi-
omedical applications;
ing agents in various
industries; metal ab-

sorber.




(decreased with the in-
crease of experimental

temperature).
Alkylation-carboxymethyla-
tion process. Alkylation was
carried out at room tempera-
ture by treating the pulp
with NaOH for 1 hour, fol-
loveed by the carboxymet Purity ofthe obtained
Y P CMC: >99.50%, Various refined grade
slurry method). MCA was . . . -
. Obtained viscosity:  applications such as
Eucalyptus used for carboxymethylation : .
o 1517 mPa.s (maxi- pharmaceuticals,
globulus N/A with isopropanol solvent for 0.87-1.32 . . [16]
mum). foods, textiles, paints,
pulp 1 hour (at 60°C). Later the . . . . .
. Linear viscoelastic ~ cosmetics, adhesives,
solid product was sus- range: 150-160 (maxi ceramics, etc
pended in 80% (v/v) metha- 8¢ T
. . mum)
nol solution, neutralized
with 90% (v/v) acetic acid,
washed with 70% (v/v) etha-
nol and pure methanol, and
subsequently dried for 24
hours (60°C, vacuum).
Alkylation-etherification
process.
(Optimized experimental
conditions- Non-Newtonian pseu-
Alkylation by 20% (w/v) doplastic product,
a-cellulose: 94.80%, NaOH solution (3.24 Although the obtained
Lantana ca- Hemicellulose: 3.92%, mol/AGU?) at 25°C for 60 122 viscosity varied with N/A [17]
mara L. Lignin: 0.80%, minutes; carboxymethyla- ’ the variation of NaOH
Ash: 0.48%. tion by ‘MCA (2.05 concentration, the
mol/AGU?) at 55°C for 3.5 highly viscous product
hours). Later the solid ex- altered.
tract was washed with 70%
(v/v) methanol solution and
oven-dried at 60 °C.
Rate of water-vapor
Two-steps alkylation-etheri- transmission: 65.64-
fication method. 66.47 g/day.m?,
(Alkylation with NaOH for Permeability of water
1.5 hours was followed by vapour: 1.51-2.28
o . )
‘ . etherifying the m.ercenzed g.m/m .mmHg.day, Pharmaceutical, food
Mimosa pigra cellulose extent with CAP for The mechanical prop- .
N/A 0.20-0.25 . . . as well as various non-[18]
peel 3.5 hours at 55 °C. Later the erties varied with . .
. . food industries
solid extracts were treated NaOH concentration
with absolute methanol, 90% (best mechanical prop-
(v/v) acetic acid, 70% (v/v) erties were obtained by
ethanol, and dried for 12 using 50% (w/v)
hours at 55 °C). NaOH solution during
CMC synthesis).
Conventional alkylation- Pseudoplastic product
etherification process. (apparent viscosity de-
(Extracted cellulose was creased as the shear
ized with H tei d
Orange peel N/A mercerized with NaOH (90 0.67 rate increased), N/A [19]

minutes, 25 °C) and then
etherified by sodium chloro-
acetate by continuous shred-

ding for 360 minutes at 70

The obtained product
exhibited a time-de-
pendent viscosity be-
havior, i.e.,




oC. Later on, the obtained
solid product was neutral-
ized by 90% acetic acid,
washed with 70% methanol,
and finally dried at 70 °C).

Preparation of PP-
CMC-g-poly (AA-co-
AM)/carclazyte super-
absorbent, which was
1.05 (calcu- Appearance: rod-like considered a potential
lated by a structure (diameter 60- superabsorbent hydro-

Pineapple Cellulose: 23.67%,  Modified alkylation-etherifi-
(Ananas ~ Hemi-cellulose: 15.61%, cation process (alkylation

L. Lignin: 6.879 ith 509 H 2
Comosts 1gn'1 n: 68 OA)' wit . ?0 A), (W/V? NaOO and standard 140 um and length 5- gel for controlled drug[ 0l
Merryl) peel Pectin: 5.71%, etherification with 50% (w/v) method) 20 pm) release. slow fertilizer
(PP-CMC) Ash: 2.37%. diazomethane) H '

release, and manufac-
turing of different bio-
materials for numer-
ous applications.
N/A
(As the water retention

The yield of CMC:
Conventional two-step alkyl- € y;e7 ((i) (; y MC capacity and the syn-
ation-etherification process. Deionize d' wa:;zr reten- thetic urine retention
(40% NaOH solution and tion capacity and svn. capacity of the product
Posidonia 17.40 g of ‘MCA was used capactty YT Wwas far better than the
N/A . 0.39 thetic urine retention . [21]
wastes for mercerization and car- . o, commercial cellulose
boxymethylation of each 10 capacity were 405% ulps, further applica-
Y y , and 334% better than T~ P et apphica
g of cellulose or raw Posido- . tions in various medi-
) . the commercial cellu-
nia waste, respectively) cal purposes, as well as
lose pulps. L
food preservation, is
expected)
Alkylation-etherification
process. (Optimized reaction Highest yield of CMC:
conditions: 52% NaOH solu- 170.10%,
Oil-palm tion was used for merceriza- Purity: 97.30%,
fronds N/A tion (at 30°C, 1 hour), and 110 Viscosity: 685 cp (cal- N/A [22]
10.70 g of ‘MCA was used culated for per 1% w/v
for carboxymethylation (at solution of CMC),
50°C, 3 hours)
After sago pulp purification,
the extracted cellulose was
carboxymethylated in two-
steps alkylation-etherifica-
ti . Alkylati A : light
Cellulose: 40-55%, ion process ylation by ppearance: lig
. 30% (w/v) NaOH was con- brown color with
Sago waste Hemicellulose: 25-40%, . ... 0.82 N/A [23]
. ducted by dropwise addition smooth surface mor-
Lignin: 15-35% . L
and continue stirring for 1 phology,
hour. This procedure was
followed by the etherifica-
tion process with Na--MCA
(at 45'C, 3hours)
Two-steps alkylation-etheri-
fication process. o o
a-cellulose: 36.70% (Optimum conditions for Cr};:jg;r;tyﬁi?t'lp %
Suparcane Hemicellulose: 26.10%, maximum DS value of the 716 OIZ y y:
Ei asse Klason lignin 24.40%,  product were evaluated at 1.08 Yield of C'M CO,(at onti N/A [24]
& Ash: 1.30%, NaOH (conc. 28.40 g/dL), o diﬁons?
. o, C 3 :
Others: 6.10%. MCA (1.14 g), and reaction 181.30%)

temperature of 57.85 °C for
4.01 hours.




The multi-step process was
conducted to obtain pure
CMC products from raw hy-
acinth. Dewaxing to remove
pectin and wax contents,
delignification (by treating
with 1% NaClO:2 solution),

Purity: 93.24%,

Wa;e;tﬁya- N/A removal of hemicellulose (by 1.76 The highest yield of N/A [25]
alkylation with 17.5% CMC: 179.04%
NaOH, the solvent used of
the isobutanol-ethanol mix-
ture), neutralization(with
acetic acid), and finally car-
boxymethylation (by sodium
chloroacetic acid at 60°C)
2AGU: Anhydroglucose unit, "CA: Chloroacetic acid, ‘"MCA: Monochloroacetic acid, N/A: Not available.
Table S2. Synthesis of CMC from various waste materials and their characteristics.
. Structural Obtained Obtained physi-
Textile- . composition . degree of ochemicaII) aid "ljarg.eted poten-
based pre- Synthesis routes Yield (%) . . tial fields of ap- Ref.
cursors of the pre- substitution morphological plication
cursor (DS) properties
Cellulose was extracted
from the waste precursor
by delignification (with
25% NaOH, 70-80 °C),
bleaching (by 3% NaOH . .
C . and 1'5;%) I}_IIZSCZ))' ac?;é?t_ crl;slgllliizafl)lrt(}:d— Pharmaceuticals,
0::;;5111 ;?zln:k(zte};ge;t vi:;h 70 %/, N/A N/A 0.87 uct with moder- cosmetics, food, [26]
1 hour). Afterward, the ex- a.te? Water imn}o— ceramics, etc.
tracted cellulose was alkyl- bilizing capacity.
ated with NaOH for 2
hours (room temperature)
and then etherified by Na-
MCA- (3 hours).
Composition Viscosity: 23.5.cp,
of the linters Water solubility,
after bleach- viscosity, DS
ing with Value.z, and other
Alkylation-etherification H20z: physmo.chemlcal
process. (Alkylation with  a-cellulose: progertle;of th;
Cotton lin. NAOH at 30°C for 2 hours,  99.70%, psfve‘:;tt; E;VO';
ors followed by carboxymeth-  Residual N/A 0.89 the different con- N/A [27]
ylation with MCA (80%  wax: 0.30%. centrations of
aqueous solution) at 55°C .
for 6 hours). (Copper H:02 which were
number: 0.02 used for bleach-
MBs & dsorp—/ ing of the precur-
tion value: sor linters as a
1.32) pre-treatment
step.
Com{e.n tl(?nal alkylation- 360% (one-step car- Tensile strength:
etherification process, the boxymethylation) to 0.72 MPa Sizing agents in
Knitted rag temperature raised to 85°C N/A 0.91-2.84 ’ [28]

(3 hours) for carboxymeth-
ylation.

1494% (for seven-step
carboxymethylation)

Intrinsic viscos- yarns and fabrics.
ity: 0.54-0.73,




(Seven rounds of successive Molecular
carboxymethylation were weight: 153,886-
operated to investigate the 252,231
change in physicochemical
properties of the obtained
CMQ).

Water-soluble,
non-Newtonian
pseudo-plastic
product (accord-
ing to rheological
characteristics of
the obtained
product in 1-3%
aqueous solu-
tion).

Conventional alkylation-
etherification process. The
Mixed of- maximum DS value was
fice waste- obtained at 85°C reaction N/A 150.80% 1.07
paper temperature, 0.09 M NaOH,
and 0.11 M Na-MCA-<rea-
gent concentrations.

N/A [29]

Deinking the papers using
multiple physical and
chemical processes such as
separation of fibers, separa-
tion of ink particles from
the fibers, ink separation
from the slurry, etc. These
processes were followed by
the refining of cellulose in
. multiple steps (such as pul- nary yello'w,
Office: " crization, boiling withal-  NJ/A N/A 0.81-0.82 Pmdugggumy: =
kali solution, alcohol wash, . o
e . Viscosity: 308-31
filtering, drying, etc.) and
. . mbPa.s
finally, carboxymethylation
of the refined cellulose in
the conventional alkylation-
etherification process (al-
kylation with NaOH for 1
hour at 35°C, etherification
with Caleb for 1 hour at 70
°Q).

Appearance: Ca-

waste paper

In preparation of
crust-dust sup-
pressant, tooth- [30]

6 paste as well as in

paper industries.

Alkylatlon—ether.lﬁcatllon Fiber: 86.81%
process. Alkylation with

In food and other
packaging indus-

o 1 .
NaOH at 40°C, etherifica- (72.58% a-cel The purity of tries, the products
tion with sodium mono- lulose), CMC: 91.50%, can be used as
. o, o, _ : I,
Paper chloroacetic (NaMCA) acid Ash: 8.82%, 116.60% (qn a dry ba- 0.53 (average Viscosity: 13.80 water-holding  [31]
sludge Water con- sis) value) mPa.s,
at 60 °C (1 hour). L. agents due to
. . tent: 80% Crystallinity: L.
Optimum mass ratio: (lignin not 58.92-63.03% their high water
Precursor/NaOH/NaMCA = degtecte d) ' " retention capac-
0.90:0.80:1.15 ] ity.
Slurry Process.
SCFs were mixed with
Short cellu- NaOH (20 mL alkali per 2 Water imbibing
lose fibers grams of SCFs) in the pres- capacity: 7.0
(SCFs) from  ence of isopropanol (at mL/g,
effluents of room temperature, 1 hour). N/A N/A 0.71 Degree of N/A [32]
the paper  The mercerized cellulose polymerization:
recycling was etherified with MCA« 877.54.

industry by continuous stirring for 3
hours (55 °C) and then in-
cubated at 30°C for 21




hours. The pure solid prod-
ucts were then obtained by
centrifugation of the sus-
pension and later on neu-
tralizing with acetic acid,
acetone wash, alcohol
wash, and drying.

At first, the cellulose was
extracted by boiling the
wastepaper powders with
12% (w/v) NaOH solution,
bleaching with peroxides
(10% H202), washing with
deionized water, and fi-

Potential applica-
Appearance: Rod tions in the fabri-

Waste dis- nally oven-dried for 12 and ribbon-like cation of various
posable pa- hours (60°C). The extracted N/A N/A 1.21 shape (diameter flexible compo- [33]
percups o ce powders were 25-50 um), and  sites and numer-
then alkylated with NaOH thermally stable. ous func.tional
at 35°C (60 minutes) and materials.
then etherified by MCA*«
(optimizing condition:
70°C, 1.5 hours, MCA dos-
age=7g).
Conventional alkylation-
etherification process. (Sep-
arate cellulosic materials
from the wastes were alkyl-
ated with 40% (w/v) NaOH Fabrication of su-
solution. 2-propanol was . erabsorbent pol-
used as a refcti(l:)’n solvent. Physm.al appe;r— I:})fmer for Vari(l:))us
Afterward, the alkylated in- ance: S?OOt water immobiliz-
Waste tex- termediate product was Watii‘s;tz;,tion ing applications.
tiles carboxymethylated by 50% N/A N/A 0.86 capacity: 541 g/g (Synthesized su- [34]
MCA-=solution at 55 °C (3.5 (within 60 perabsorbent pol-
hours). The final product minutes) ymer from the
was obtained by posterior ’ CMC showed up
neutralization (with 90% to 4227 g/g water-
acetic acid), vacuum filtra- binding capacity.

tion, alcohol wash (with
70% ethanol, three times),
drying, and finally grinding
at a ball mill).

MB?: Methylene blue, CAP: Chloroacetic acid, MCA®: Monochloroacetic acid.



Table S3. Application of CMCs in textile.

Applied  Physicochemical Synthesis/modification
. A precursor . P
carboxymethyl properties of the . routes of the material A specific field .
. . of the applied . .. . . Observations Ref.
cellulose or its synthesized ma- for targeted application of application
) . CMC . . e
composites terial in the industrial field
CMC was derived from e It is used as Showed higher K/S value
As thickener dis- terry towel textile waste an excellent (measuring color value), shear-
played good by the general alkaliza- thickener in tex-  thinning index, and lower
. 2 Terry towel ; e . . L
Textile waste-  shear thinning waste tion-etherification pro- tile printing by = binding length than commer- [35]
derived CMC  behavior and . cess. 40% NaOH, 550C providing a cial CMC. The lower binding
. (cellulosic waste) . . .
pseudoplastic reaction temperature, higher surface  length of dyes or fabrics pro-
property. and 3.5h reaction time area for dye par- vide better washability of the
were required. ticles. prints
Lightf 11 lora-
e Usedin digi— '1g ttastness, exce ent. colora
L tion, or sharpness of different
Composed and properl tal printing to colors depending on the mix-
CMC/Sodium  Has excellent Commercial . P Prop ™Y enhance the dry P 8 .
aleinate/Dex-  color sharpness CMC mixed three pre-treating or wet rubbin ture of the pre-treating agent.
,g . p . . . agents like CMC, So- & CMC/Sodium alginate (1:1)  [36]
trin pre-treat- feature with high (Medium viscos- _. . fastness. . .
. dium alginate, and Dex- L. mixture is better for black or
ment agent grades. ity) . e Used insilk .
trin. . cyan color. And CMC/Dextrin
fabrics for sharp )
L mixture better for magenta
printing of color.
color.
Hybrid acts as an
excellent floccu-
lated or sizer Starch-CMC based hy-
with better adhe- brid was formulated by —
: . . ... ® Intextile siz- .
sion of starch . respectively and indi- . Show better mechanical prop-
. Commercial . . ing, used as siz- . L.
sizes to cotton vidually reaction be- | . erties than an application of
CMC and CMC ing or finishing . |
and cotton tween starch, CMC, and CMC alone or other single siz-
starch-based . (M.W=30/1000/10 ents. . .
. blends. Which Quat-188; Lo ing agents in cotton or cotton
hybrid; or . 000) o e Used in fiber . [37,
. also has higher Graft polymerization of . blend. Tensile strength and
CMC-g-polyvi- e Or, . . yarns for viscose . 38]
vl alcohol solubility and Tvlose powder Vinyl acetate in the Pres— e elongation break of CMC-g-
Y easily removable Y P . ence of CMC followed ° T+ . PVA (70.20%, 10.96%) compa-
(CMC-g-PVA) (commercial e . e Used in fiber
or washable; by saponification, where rably better than CMC alone
CMC C-30) for terry towel
The grafted poly- acetate groups convert . (67.04%, 11.12%).
mer also dis- to hydroxyl groups to weaving.
played good siz- formulate CMC-g-PVA.
ing or finishing
feature.
During hydrogel formu-
lation, CMC solution
and Graphene oxide for-e Used inre- The removing capacity of dye
late thei 1 i i Acid Blue-1 higher,
CMC/Acryla- Provide excellent Commercial mula ? eir general moving organic  ( . cid Blue '33) was higher
. . synthesis processes, re- or hazardous likes a maximum of 185.45
mide/Graphene dye adsorption CMC . . [39]
. spectively. Both are  dyes from textilemg/g. And formulate hydrogel
oxide hydrogel property. (CAS:9004-32-4) . . ) )
mixed with Acrylamide wastewater or act as an environmentally
and develop hydrogel liquor. friendly adsorbent.
via the free-radical
polymerization process.
Help provide bi- e Used as he- Pr0v1de. strong, Competent,
. . . and quick hemostasis (p <
CMC/HA or ocompatible, ro- . mostatic materi-
. Commercial Na- . 0.05) compare to other hemo-
CMC/HA/Etam bust, and effi- In coagulation, the bath als. . .
lat ient d CMC e Provid static components. The time-
iseompe detsend oz TIPS T sty o (40
& tissu 250 g/mol) PO P & high (up to 30 days). But, the

nonwoven tex- engineering, and
tile advanced hemo-
stasis.

unwanted adhe-
sion during sur-

gery

ning method. . .
& hemostatic properties of the

composite are influenced by
the DS of CMC.




e Easily blood
adsorption by
Na-CMC and
quick interaction
between blood
components or
fibrin with car-
boxy group sta-
bilize the blood
clot.

Microcapsule formu-

Chi- Controlled the re-

e Used as an
innovative coat-
ing of active in-

gredients in cos- Provide highly dispersed and

ial 1 linki - le 1 - i -
tosan/CMC/glulease of therapeu- Commercial lated by crosslinking be metic textile. stable ayers based microcap
. . . CMC tween glutaraldehyde . sule. During layer formation,
taraldehyde tic active ingredi- . . . . CMC is used . [41]
emulsified mi-  ents from cos (Low viscosity;  and emulsified chi- i a capsule as a the zeta potential was de-
. . M.W2=90000 Da) tosan/CMC composed at P creased with increasing CMC
crocapsule metic textile. charge neutral- .
pH5.5. . . concentration.
izer and stabi-
lizer of chitosan
emulsion.
Initiallv. the silver nan Show excellent antimicrobial
... Hashigher anti- 'y, the siiver nano properties of CMCF with two
Fumaricacid . . .. . particles were formu- . .
. microbial activity ~Commercial e Generates  respected concentration of sil-
crosslinked ) lated by the green .. . . )
with an excellent CMC . antimicrobial ac- ver, like 5*10* M and
CMC (CMCF) L . . . method. Subsequently, it . . 11 . . [42]
based silver hygienic and bio- (Low viscosity- disperses in CMCF hv- tivity in cotton ~ 2*103M silver. This reduced
., degradable fea-  C5678-500G) P Y™ fabric textiles.  30.492% and 67.377% bacteria
nano-composite drogel. Thus, the nano-
ture. . (Staphylococcus aureus), re-
composite is prepared. .
spectively.
In CMC-PF gel, CMC controls
Has higher anti- Commercial Polyphenols are ex- . Prov1des an- the rellease property of PF.
. . based powdered tioxidant and And this release property de-
oxidant and anti- tracted from Pomace of . . S
CMC- Polyphe- radical activit Na-CMC (Me- 2 blue erapevine. Fol antiradical activ- pends on the crosslinking of
nols (CMC-PF) with its con Y dium viscosity; lowin gthil: itis .COI’II ity in cotton fab- CMC with PF. A higher degree [43]
gel M.W?=250000) & 1S ric textile-based  of crosslinking of CMC de-
trolled release posed of CMC to formu-_ . . .
ropert late a CMC-PF oel biomedical creases the half-time release of
Propery- e products. PF.
In liquid, thermosensitivity or
e Usedasa  pH sensitivity of hydrogel was
finishing agent mentioned by Swelling Degree
Commercial Na in smart textile. (SD) of a hydrogel controlled
CMC-Hydroxy- Has a better pH CMC The hydrogel is formed e Used in tex- by the concentration of Na-
ethyl Cellulose and thermosensi- (M.W=700 kDa by the blend of CMC tile pre-treat- CMC or weight ratio of [44]
(HEC) hydrogel tive feature. Dé— 0.65-0 85), and HEC in Citric Acid. ment for tar- CMC/HEC. At 32°C and alka-

geted stimuli-re- line media, the higher conc. of

Na-CMC (NaCMC/HEC=3:1)

in hydrogel provide higher or
equivalent SD.

sponsive pur-
poses.

*M.Wa= Molecular weight.

Table S4. Application of CMCs in wastewater treatment.

Applied CMC Physiochemical proper-
or ties of the synthesized
its composites material

A precursor
of the used

CMC
ment

Synthesis/modification
routes of the material for
targeted wastewater treat-

Maxi-
mum re-

Optimum con-
ditions for

moval ca- maximum re- Observations Ref.

pacity moval of pol-

against lutants




the tar-

geted pol-
lutants
Methylene
blue dyes
were re-
moved via

The conventional alkyla- adsorption on

H=7.0, synthesized
tion-etherification process P Y

. to obtain CMC from the =~ Meth- Temperature= nanomat'erlal.
Homogeneous magnetic 25°C, Langmuir ad-

F . Thi 1 1
MG/ est'; nanomaterial (particle di- Mesquite tree precursor. This process ylene blue Adsorbent  sorptioniso- [45]
nanocomposite was followed by the co- (MB) dye: .
ameter~25 nm) . loading=50  therm and
precipitation method to 64 mg/g me/50 mL elass pseudo-sec-
synthesize the CMC/FesOx & & P
. bottles ond-order re-
nanocomposite . .
action kinet-
ics better de-
scribed the
adsorption
process
Both toxic
dyes were re-
moved from
For RR56; e Waterso-
lution via the
pH=4.0, .
. . endothermic
Reactive Experimental adsorption
, _ red (RR)  time=>55 OrpHo
Spherical nanomaterial . process. The
Polypyrrole/ . . 56 dye: minutes, .. .
(particle diameter:m 75 +5 initial concen-
carboxymethyl . . . . . 104.90 Adsorbent .
cellulose nm (characterized via ~ Commercial =~ Co-precipitation of dis- me/ loading: 0.09 tration of
SEM), CMC (Ger- tilled pyrrole and the com- 56 & 778 both of the [46]
(PPy/CMC) . Reactive ~ For RB160:
. Surface area: 48.96 m?/g, many) mercial CMC. shades was
nano-hybrid ma- blue (RB) pH=5.0, .
. Pore volume: 0.3886 . compromised
terial 160 dye: Experimental
cm’/g. . at 100 mg/L
120.70 time= 52 .
me/ minutes for experi-
&'6: " mental work.
Adsorbent Langmuir iso
loading: 0.09g. therm data
better de-
scribed the
adsorption.
Adsorption of
the ionic pol-
lutant was
better de-
scribed by
pH=7.0, Langmuir iso-
AMPs were immobilized Temperature=  therm and
Ammonium . . onto the commercial CMC 50 °C, Lagergren's
. Commercial . . Cs*: 64.20 .
phosphomolyb-  Yellow microspheres by the chemical cross-link- Adsorbent  first-second [47]
CMC (Tokyo) . mg/g .
date (AMP) ing process to synthesize loading=1 g/L, model, re-
CMC-AMP composite. Time= 24 spectively.
hours. Adsorption

efficiency is

retained in
the adsorbent
up to five re-

cycling (by




ammonium

chloride)
without sig-
nificant
losses.
Nitrogen-doped carbon =~ Meth-
aerogels were fabricated by  ylene Adsorbents
Quasi-spherical nanopar- a group of fabrication blue: Initial conc.= were more ef-
Nitrogen-doped 3 ticles, Commercial steps, including. sol.—gel 230.00 100 mg/L, f.icie.nt for cat-
(specific surface area 589.6 . process, carbonization, mg/g, Temperature= ionic dye re- [48]
carbon aerogel CMC (China) . .. . .
chemical activation (using Malachite 25 °C, movals than

m?/g,

Pore volume: 0.27 cm?/g) KOH), and cross-linking  green: Time=4 hours. the anionic
(ferric trichlorides were ~ 238.20 dyes.
used as cross-linkers). mg/g.
Refined wood fibers were Initial conc. = t;rhf gbeth
treated with an aqueous 100 mg/L, Z; ?w/‘;vv)
The fibrous membrane solution of CMC (1-4 wt%) Adsorbent dos- CI\(/)[ Cand
CMC/Fe treated walslprepared to. Pass the Commercial oand then were dried at 60 Phos. 8% 0.10 g/50 12% (w/w)
) pollutant containing ex- ~ CMC-salt °C (oven dry). Later on, the mL of phos- .
refined aspen erimental solution (pore (viscosity 10- CMC-treated fibers were phate: hate solution FeCl solution [49]
wood fiber T P v Y W 4.30 mg/g P " provided the
measurement= 40 mesh 55mPa)  soaked into FeClz solution Shaking rate= animm
sieve) (2-12 wt%) and finally 150 rpm, hosphate re-
dried at 65 °C to obtain the Time=24 PP
tention capac-
adsorbent. hours. .
ity.
The CMC solution was in- Cu gis;;};:lo ircl)r(:i
corporated with GO sus- 829 3 increased to a
pension by continuous stir- ) o
ring, ultrasonic treatment mg/e, specific con-
Lightweight, porous mon- g’. . " Pb*:76.70 _ . . centration of
oliths. The porosity of the and ice bath (10 minutes). mg/! Initial concen- the pollutants
Graphene oxide ohep yortt . The Solid-state of the gel gf’ tration=40-120 - " P .
(GO)/CMC com- composites increased with Commercial mixture was obtained b Cd>: me/L in the experi- [50]
. the increase of GO con- CMC (China) s Y 4613 8/t mental solu-
posites . . bottom-to-top unidirec- Room tempera- .
centrations in the struc- . .. mg/g, tion. Below or
ture tional freezing in a Co*: 59.99 ture. above the at-
’ Styrofoam container and m' y ' tention. poll
further freeze-drying (at- . Z+g & etion, potiu
50°C. 48 hours, <20 MPa Ni*": 72.04 tant removal
vacuum pressure). mg/e: dec.reased
considerably.
Adsorption
A free-radical polymeriza- behavior of
tion method was used. In the hydrogel
brief, three wt% CMC solu- against all of
tion was first prepared by the experi-
Commercial dissolving the commercial =~ Cu?: mental pollu-
CMC (China) CMCin deionized water, 227.27 Initial pH=5.5, tants best fit-
CMC/poly- Three-dimensional, highly (DS > 90% " previously mixed with mg/g, Temperature= ted with
acrylamide orous, sponge-like mate- .* " '”  acrylamide, N, N’-meth- *: 312.525 °C (approx.), Langmuir iso-
ylamide p ponge-lik viscosity: 800 ylamide, N, N h- Pb?": 312.525 °C (app Lang (51]
(PAM) compo- rials. 1200 Ir}:i’a s ylene-bis (acrylamide), and mg/g, Shaking rate= therm and
site hydrogel = Pore diameter: 5-15 um. (for 2% a .e ammonium persulphate. ~ Cd?" 200 rpm, pseudo-sec-
* AU 1o mixture was cultured 25641 Time: 24 hours. ond-order re-

ous solution . .
) for 30 minutes in a water

bath ¢60°C). The subse-
quent lyophilization pro-
cess obtained the dried hy-
drogel.

action kinet-
ics. In multi-
ple pollutant
adsorption,
the pollutants
showed selec-

mg/g.




tivity accord-
ing to the fol-
lowing order:
Cu2t > Pb2+ >
Cd>.

Commercial

CMC (China

Micro-structured beads ~ (viscosity >

(BET surface area: 2.16 0.3-0.8 Pa.s (at

Sodium alginate and so-

)- 5.

dium-CMC solutions (com-
mercial) were first blended

Adsorption of
the pollutants
was best-fit-
ted with
Langmuir iso-
therm and
pseudo-sec-

Initial conc.=5
ond-order re-

mg/L, . .
8/ action kinet-

. . - - _
Alginate/CMC mg, 25C, 20 g/L m.a magnetic stirrer. The Pb?:1.73 Temperature ics. Among [52]
gel . mixture was then succes-  mg/g 37 °C, .
Total pore volume: 0.0573 for solution), . . . different pH
. sively cross-linked by Time= 18 .
cm’/g). analytical . values, maxi-
treating CaClz and FeCls (1 hours. o
grade prod- o mum (99.6%)
uct) wt% answer). adsorpti
. ption
was observed
at the range
of pH be-
tween 4 and
5.
Langmuir ad-
CMC solution (1.03g/250 sfﬁsrtﬁr;:;
mL distilled water) was seudo-sec
heated first and then OI; d-order re
purged with nitrogen to re- action kinet-
mSZeLt::;raﬁozgﬁisg_ Adsorbent dos- ics described
gem:  ammony age=0.10 g/25 well the ad-
., persulfate (as reaction initi- . .
Commercial ator), acrylic acid (as a mL experi- sorption pro-
CMC (China). ., y mental solu-  cess. 90% of
CMC-g-poly . . . composite component), N, .
.22 Microporous hydrogel  (viscosity > § . Pb2+: tion, the total ad-
(acrylic acid)/at- . . N’-methylene bis(acryla- .
. with 3D cross-linked poly-300-800 mPa.s . . 941.28 Temperature= sorption oc- [53]
tapulgite hydro- . mide) (as cross-linker), and 1
meric networks. (at 25 °C, for . . mg/g 30 °C, curred within
gel attapulgite was added into . .
25g/L solu- . . Shaking rate= 10 minutes
. it successively. The mix-
tion). 120 rpm, and 30
ture was then heated for 3 Time=120 minutes
hours (70 °C, nitrogen at- minutes.  when the con-
mosphere) to complete the ' centration of
reaction. The final hydro- attapuleite in
gen product was obtained the ci)mg osite
by subsequent drying at 70 was 5%pan d
= 20% (w/w),
respectively.
CMC aerogels were fabri- pH=7.0
cated by mixing commer-  Meth- Initial Cor{cl= 50 Chemical ac-
Nano-porous aerogels cially obtained CMC pow-  ylene melL ' tivation with
Porous carbon  with interconnected 3D ders with D(+)gluconic blue: A dsorbgen’; dos- KOH sienifi
aerogels (synthe- networks. ., acid-lactone, glycerol, and  249.60 &
. Commercial . . age=10mg/50 cantly en-
sized from BET surface area (after CMC (China) Al2(SOs)3in deionized wa- mg/g, L solution.  hanced the [54]
CMC-based aer- KOH-activation): 428 " ter, respectively. The gels Malachite ’ .
. Temperature= adsorption
ogels) m?/g, were then carbonized at  green: 25 oC capacity of
pore volume: 0.35 cm?/g. 550 °C (raising temperature 245.30 Time= ’1 ’ thepaeroyels
at 10 C/min heating rate) ~ mg/g. hours Beis:

followed by subsequent




physical and chemical acti-
vation. KOH-solution (15
wt%) was used for chemi-
cal activation, where physi-
cal activation was con-
ducted at 900 °C (heating
rate 5 C/min)

Fe: 79.78
bg/e,
Cr: 36.65
bg/e,
Zn: 30.34
ug/s, Adsorption
Grafted hvd 1 20 wt% CMC paste was  Cu: 25.19 data were
Sodium carbox ;(a:viedeg(;f)iuiefsiifaecs Commercial prepared with SSS. Later ~ pg/g, Optimum pH= best fitted
methv] cellu- IP; orpholo ags compared CMC (Eng- on, the pastes were centri- Mn: 8.78 5.0, with Lang-
y 4 P &Y P land). fuged at 10,000 rpm (at ug/g,  Temperature= muir adsorp-
lose/Sodium sty- to the ungrafted ones. [55]
rene sulfonate  Surface roughness in (Molecular  least 5 hours) and subse- Mo: 7.19 25 °C, tion isotherm
. . weight~  quently irradiated with y-  ug/g, Time=24  and pseudo-
h 1 h th
(55S) hydrogels creased Wol;t S ; Se fnerease 700,000)  ray (20-100 kGy) to obtain Pb: 3.60 hours. second-order
' the final product. ug/s, reaction ki-
Ni: 2.67 netics model.
bg/e,
U: 0.58
Hg/e,
Cd: 0.42
ug/g.
Incorporating
CMCin 3D
Hydrogels were fabricated networks of
by repetitive freeze-thaw Ag*: 8.40 Initial concen- pure PVA hy-
cycles. CMC and PVA so- mg/g, tration: 100  drogel en-
Polyvinyl alco- The sponge-like structure Commercial lutions were mixed ata  Ni*: 6.00 mg/L, hanced its
hol (PVA)/CMC witlf hi %11 orous 3D CMC (Tai predetermined ratioand  mg/g, pH=1.6, swelling ratio [56]
hydrogel compo- ngetm}:o};ks wan) kept at -20 °C (6 hours) for Cu?:5.50 Temperature= (e.g., from
sites ) freezing. Subsequently, the mg/g, 15 °C, 416% to maxi-
gel was thawed at room Zn?:5.30  Time=24  mum 1437%)
temperature (1 hour) for  mg/g. hours. and increased
stabilized gel formation. its selectivity
towards ionic
pollutants.
A one-step high-gravity Adsorption
method was used to syn- .
. was well fit-
thesize the nanocompo- .
. . . ted with
. sites. In brief, a certain Adsorbent dos-
Composite nanobeads. pseudo-sec-
. . i . . amount of FeCl2.4H20 and age: 100 i i
Particle size: 7.0 nm-10.3 Commercial FeCls 6ELO salt 100 mL ond-order re
nm (average size: 8.7 nm), CMC (China). ¢ O salls were me . M-S0 ction and
( & ) ( ) added into a pre-prepared lution
CMC-immobi- Hydrodynamic diameter: (DS value= @ presprep Pb?: . Langmuir iso-
. CMC solution. Another so- Shaking rate=
lized FesOanano- 15.7 nm, 0.92, lution of NaOH was pre 152.00 100 rom therm. The [57]
composites Polydispersion index Viscosity= p mg/g Py adsorbent
pared at a predetermined Temperature=
0.176, 300-800 . showed excel-
concentration. Then, both 25 °C, .
BET surface area: 198.8 mPa.s). . . lent reusabil-
) solutions were streamed Time=12 |
m?/g. . . ity even after
into a continuous reactor hours.

(rotating speed 1000 rpm,
liquid flow at 60 L/h). The
final product was obtained

five adsorp-
tion-desorp-
tion cycles.




later by lyophilization (8
hours).

Glutaraldehyde
cross-linked tita-
nium ox-
ide/CMC nano-
hybrids (nano-
TiO2/glu/CMC)

Spherical homogeneous

cross-linked nanoparti-

cles. (Particle size 22.2-
444 nm)

Nano- TiOz, cross-linker
glutaraldehyde, and CMCs Cd?": 2440
were heavily mixed ina pmol/g (at
grinder for 3hoursata  pH=7),
Commercial predetermined ratio (i.e.,, Hg?: 1160
CMC (USA) 10 g of TiO2 was mixed pmol/g (at
(purity > 95%)with 5 g of CMC by adding pH=3),
10 mL of cross-linker).  Pb?: 2880
Later on, the cross-linked pmol/g (at
product was washed and ~ pH=6)
dried for 8 hours (70 °C).

Initial conc.=
0.10 mol/L,

Adsorbent dos-

age=0.03 g,
Time= 30
minutes.

Pollutant ex-
traction from
seawater,
drinking wa-
ter, and
wastewater
significantly
varied from
each other.
Up to 99.6%
Pb%, 88%
Cd? and
83.5% Hg?
were re-
moved from
the experi-
mental sea-
water sample,
whereas the
maximum re-
moval per-
centage for
the respective
pollutants
were 100.0%,
98.3%, and
93.6% in the
perspective of
wastewater
samples.

[58]




Table S5. Application of CMCs in pharmaceuticals.

Applied car-

boxymethyl Physicochemical Synthesis/modification

properties of the A precursor of routes of the material for The specific field of ap-

1lul T rvations  Ref.
C,e woseo synthesized mate- the applied CMC targeted application in plication Observations €
its compo- . . .
) rial the pharmaceutical field
sites
Up to 22.8%
(w/w), PO-CMC
was produced for
. further applica-
e DProtection of the palm o
. 1 tion from 12.5%
oil from oxidative stresses .
. (w/w) emulsifica-
. . by encapsulation. .
Uniformly spherical . . tion of the syn-
.. Encapsulation of red palme Protection of the con- .
beads (sphericity . ) . . ., thesized CMC.
. oil in the obtained CMC stituent nutrients of the oil ..
Palm oil en- constant <0.5), After application

was conducted using  from acid-induced degra-
Sago biomass emulsification and subse- dations in the stomach.
quent ionotropic gelation ¢ Controlled release of
(the gelling agent was alu- the nutrients in the intesti-

capsulated  softness, elegance,

CMC (PO-  and flexibility in-
CMC) creased by incorpo-
rating plasticizers in

in the gastroin-
testinal route, the
beads' compara-
tively higher oil

[59]

minum chloride). nal fluids for specific nu-
beads. . . release and
tritional or pharmaceuti- .
. . swelling behav-
cal actions of the constitu-
ent compounds ior were demon-
P ' strated in the in-
testinal fluid than
the stomach
fluid.
E 1 f Cur-
Act as the best * .ncapsu ated of Cur Better binding ca-
binder and formu- cu. acity obtained
A complex ) Used phosphate buffer so-e As binder between Lys pacty
lated protective co- . . for higher DS
form of Lyso- . lution with Ly and CMC and Cur
acervates for oral Commercial .. . . . (1.2) values of  [60]
zyme-CMC and stirring for making e Protective and sensi-

drugs, which protect
the pharmacological

CMC. And high

(Lys-CMCQ) stable carrier for

LY-CMC complex. tive bio activators against

different physiological en-
properties of cur. [erelit piysiofogicaten Cur.
vironments.
50% Zein-CMC
Zein-CMC- ¢ Encapsulated and con- Nanoparticles
PEG (Polyeth- trolled the release of hy- based W/O/W
Used PEG-400 and Tween- . . emulsion provide
ylene glycol) . . . drophobic nutraceuti- .
. 80 for Zein Nano-particle better particle
Nano colloid- Act as a nano-emul- . . cals/drugs. .
based water sion for better nano- production. After zein was, Applied against differ- size (89.8+4.2;
e encamealati Commercial ~ obtained, CMC (20%) was -, - PP ¢ 38 83.743.7) with  [61]
psulation of /.. ent pH conditions for the _
added to the magnetic stir- e high zeta poten-
(W/O/W) oral drug . better stability of an emul-
. rer for formulating the . tial (48.4+0.6;
multiple sion. Such as in the stom-

Zein-CMC complex. 49.2+0.4). High
zeta potential
provides high

stability.

emulsion sys- ach (1.2), intestinal (6.8),
tem. and colon (7.4).

e Potential conjugate
form with Paclitaxel (Ptx.)
CMC is grafting with  used as a thermo-sensitive

Lower critical so-
lution tempera-

Create a biocompat-
Graft copoly- ible, biodegradable,

mers of Na- and conjugate-form- ture (LCST, 37-
. Jugate PDMAEMA by graft co- and biocompatible carrier (
CMCand N, ing polymeric am- L . 440C), stable par-
. . polymerization process, in cancer or tumor drug . = "
N-dimethyla- pholyte composite . o . . ticle size (118-133
. . Commercial where 0.5%w of potassiumdelivery. . [62]
mino ethyl for oral or some in- . . nm) in 0.15N
. permanganate and 1 mL e Increase the biological
methacrylate travenous injection. . . NaCl (aq.) solu-
. of 0.1 N HCl used as an in-half-life of Ptx. by pre- . . .
(Na-CMC-g- This copolymer has tion, physiologi-

itiator. venting its degradation
under physiological con-
dition

PDMAEMA) stimuli-sensitivity,
low toxicity, bioac-

cal pH range, and
in vitro release in




tivity, and antimi-
crobial activity
properties.

acidic and neu-
tral media at
350C. These
properties of co-
polymer act as a
suitable carrier
for oral or infu-
sion Paclitaxel
Administration.

Nano-particle
(MPs)based
copolymer of Almost similar to
Na-CMC- the Na-CMC-g-
graft-histi- PDMAEMA copoly-
dine (CMH) mer properties. But

In composite,
CMH and TPGS
enhanced the bio-
compatibility be-
tween drug
(DTX) and com-
posite at a ratio
of CMH and
TPGS (3:1.5). This
optimum ratio
help to increase

CMC is grafting with histi-e Mitigated multidrug
dine by EDC/NHS-medi- resistance and enhance
ated coupling reaction the therapeutic effect of
process, where EDC, NHS, Docetaxel (DTX).
and DMAP are used as re-e  Protected the low
agents in MeCN solvent. aqueous solubility of DTX the encapsulation
and its allergic effects on ~ rate of DTX in

and D-a-To- CHT-NPs differ Commercial *EDC-- Ethyl-3-(3-dime- the human body by its en- NPs. Moreover, [63]
copheryl pol- from the previous thylaminoprop-yl)-car- capsulation. copolymer com-
yethylene copolymer for negli- bodiimide HCI. e Effective drug (DTX) posite maintains
glycol 1000 gible cytotoxic effect *NHS-- N-hydroxysuccin- delivery nanocarrier the smaller parti-
succinate on a normal cell. imide against tumor or cancer  cle size (147.8 +
(TPGS), i.e., *DMAP--4-dimethyla- cell with negligible cyto- 3.14 nm) and pH-
CHT-NPs minopyridine. toxic effect on anormal  dependent drug
*MeCN-- Acetonitrile  cell. (DTX) release be-
havior. Where in-
vestigated, at
lower pH (4.5),
DTX releases rap-
idly in lyso-
somes.
This system
achieved over ten
h for the release
Insulin carrier ;)cefsae:z;gf FI[’]EZeP
dosage Maintained drug e Formulated protective gys polymer pro-
form of poly- carrier stability on Polymer-inhibitor conju- carrier for insulin vides more than
mer-inhibitor oral route for insu- gates initially prepared by e Protective of féct ofin- twice mucoadhe-
conjugates lin. Enhanced muco- the lyophilized process. sulin towards enzymatic sion in vitro and [64
and thiolated adhesive properties =~ Commercial Then conjugates, thiolated attack in vitro. enhances the sta- 65],
polymer  and prolonged the polymer (PCP-Cys), and e Provide long time sta- bility. And the re-
(CMC- resistance time of mannitol compressed with, . . . ’
BBI/CMC- the delivery system insulin bility of f:lrug delivery and le.ase qf the‘ drug
Ela- PCP- of the drug, pH-sensitive release. (insulin) highly
Cys). in intestinal fluid
(at pH?7.1) and
negligible in gas-
tric fluid (at pH
1).
. . . e Improved the sustain  The formulated
TQISOIOI_CMC l?rov1fie an emu.151— . Composed of Tilisolol and releasep drug and retention viscous vehicle
viscose solu- fied viscous vehicle = Commercial [66]

tion for controllable oph-

3%CMC solution. property in periocular tis- showed a lower

sue. absorption rate,




thalmic drug deliv-
ery, which im-

proved the Tilisolol

delivery into the vit-
reous body by

avoiding side effects
and drainage a

drug.

e Provide the highest
delivery of Tilisolol drug
against aqueous humor.

higher drug re-
tention, and best
sustained-release

property. And
viscosity was ob-
served at 3.7*10°

cps.

Provide a better bio-
compatible, easily
dissolvable, and re-

Commercial

e Formulated Rhoda-
mine B drug and ascorbic
acid (anti-oxidant) encap-

sulated microneedle array

Microneedle prepared by for high permeable and

a photolithography tech- reliable transdermal drug

nique or laser writing pro-delivery system.

cess where the replica

e Used on protein, vac-

molding technique is used cine, and small molecule

to fabricate a microneedle drug delivery with con-

array.

trolled release property of
the drug.

e Applied on porcine
skin to allow diffusion of
ascorbic acid.

Among the vari-
ous micronee-
dles, poke and

release type solid

microneedles is a
better reliable,

soluble, and bio-

compatible sys-
tem. Mechanical
property or the
drug release has
been controlled
by mixing CMC
and PA ratios.
lower dissolution

property.

[67]

Transdermal liable system for
CMC-Amylo- Y
. drug delivery than
pectin (CMC- .
. others like oral or
AP) mi- . ..
intravenous injec-
croneedle . .
drue deliver tion system, which
8 tem Y has the first-pass
syste metabolism of the
drug along the
transdermal skin.
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