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What Graphene is ..

Graphene is a two-dimensioned materials with a sheet structure stacked by one or few
graphene layers.

Properties

v" High thermal conductivity: ~ 5000 W/m-K (calculated)
High optical transmittance: ~ 97.7%

High intrinsic carrier mobility: 200,000 cm?v~Ts~1
High specific surface area: 2630 m? g°'

High Young's modulus: ~ 1.0 Tpa > steel (200 GPa)
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Current Status for “Graphene in Textile” in Global
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Route for Graphene into Textile application
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Graphene Based garments Graphene Based Membrane Graphene Based Yarns

FEk &R B E PR T/UC Bacon Company Ltd. . .
KX HaSTRERRGERLNSEAT, AERETEEEER, SRRABATHAS Confidential



*A S ke Efhim LR ERRERE

0

v RE—  AERNYERIEZEE? 2RH? RIE? HA? BEERE?
— BEFRE—ESEROMY, FUEINRETRBOMEERIANE B EMYEENZE R
v REBZ . A EREEENENRIERE, FIABRERMRERNER?

— AERHREERTARAMEEEFEFELNS0.9-0.93), BHEBRNERZH2EME(£51320.88-0.91)HEFR K,

v RB=  ASKIEZRE? EIIE? YIsetEELLLMANE?
— BEFTLINMEEER, FATLBENELE ERBRRERNENTNS, HELRSHEES.

v RBM : AERAULRENR?
- ARBRRBESMROSEIR/NR350nm), RIKREE0% ; TiEEEEIIIMRRATRIESIERKN BB R,

FEk &R B E PR T/UC Bacon Company Ltd. . .
KXHOETRERROERANEEER, AEREFSERER, SHAABATHRE Confidential



—IRAEEHFEERB/RIRESHARNFER

v AEREMNKRSZMHE? EFEEREERARENMER ? £ ERENREREKHRS?

— AERNMERMENSESE, HERFEMREEREZSZSEHE. GRRAILBRREAAHENEGER, NEF
RENH, &, &, 88, AFnHR, HETHREHBERER,
— FERNACREEERSRNRERERKTRER(EE1EL SR EELE2500MEK), BRAFSREFBE,

FHExREANMERREE, SEPFATTRBSEETEE BELENERENEENE

v AEhEEmEZEEER? HEm A LURHEEERNIEBIVE?

— FHBRREFER, BEERIRERANIETRAZRRE, HERSHSHBENETRETHAIRERETIE, TRE
#BhE R EITR TR Mt rEAREE TIE.

FARZENHER, ERENMEBH

FEk &R B E PR T/UC Bacon Company Ltd. . .
C KX HaSTRERRGERLNSEAT, AERETEEEER, SRRABATHAS Confidential



28R ENETERE
B Hk834ME 16158

(A& Hh R = A)

RERILE

Q

Graphene powder
* Excellent crystallinity
* Higher purity
+ Stable quality

Graphene Suspension

* Higher solid concentration
* Excellent rheology control

» Diversified solvent option

Graphene Film/Membrane

Excellent heat dissipation capability
* Good electrical conductivity

* Good Mechanical property
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Heavy metal and toxic elements test of UC’s graphene material

SGS

Texfile Laboratory
Test Report No: TX208654 2019 ISP Date: Feb. 27, 2019 Page 2 of 2

Test Resuits:
EMN 71 Part 3:1984 + A1:2000/AC:2002 — Migration of Certain Elements

Method : With reference to EN 71 Part 3:1984 + A1:2000/AC:2002. Analysis was performed by ICP-OES.

. Resuit Detection Limit
Test lem {maa) maikg) Mathod : With refarence to EN 71 Part 3:1004 + A1:2000/AC:2002. Analysis was performed by [GF—G%
Soluble Lead (Pb) ND 5
Soluble Antimony 3k} ND 5
Soluble Arseni (As) ND 2.5 . L.
sﬁlﬂbli a:i:lrl: (Ea) ND 10 Test lte {ﬁ'&;:lt} Detection Limit
Soluble Cadmium {Cd} ND 5 25 m g l[l'l'lg-"lig:l
Soluble Chromium (Cr} ND & 1
e Seeror (o0 s 5 Soluble Lead (Pb) ND 5
— Soluble Antimony [Sb) MND 4]
T.arrore_‘s::;l;llue:lgpg:raphene powder Saluble Arsenic I:ASJ ND 2.8
- ) Soluble Barium (Ba) MND 10
Mote @ 1. mgikg = milligram per kilogram -
2. ND = Not Detected ) _ Soluble Cadmium {Cd) ND 5
3. Results shown are of the adjusted analytical result Soluble Chromium {ET} HND 5
Tested by relevant 365 laboratory. Saoluble MEFGIJT]" {Hg} MDD ]
Sample Photo Soluble Selenium :SE} ND 10 /

Non detection for the common 8 heavy metal !

*** End of Report ™"
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The enhancing mechanism of graphene in textile

Using the thermal conductive property of graphene could enlarge the heat dissipation
area to reduce the discomfort of the accumulated body heat.

(a)Without Graphene Layer (b)With Graphene Layer

Body heat accumulate in small area Graphene layer enlarge the heat dissipation area

«— fabric — | I Graphene

Layer

+—— skin —>

Ao N 4

T body —

Cooling or Warming Up if using Graphene layer?
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The Advantages of Graphene Enhanced Textile

v' Graphene layer on cooling application :

1. Long-lasting cooling- provide cool feeling more than 2hrs

2. Reduce uncomfortable dry feeling- enhance 20% heat

output

Convection effect

V(
Fabric

>
Graphene— 7 X

layer <A—%—F\

Conduction effect

Radiation effect

\
1
v

Heat flow direction for cooling application
In graphene enhanced textile

v Graphene layer on warming application :

1. Rapid warming- reduced 4 times warming times
2. Enhancing the heat storage capacity of textile- Clo value is

over 5

Heat will be kept into the porous structure of fabric

l

Fabric—>
@é@
Graphene ;<
\
layer SR 7 A ,
N AR ¢ 07

Conduction effect

Heat flow direction for warming application
In graphene enhanced textile
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Data analysis of the temperature profile of fabric

Temperature difference of Sli*ip to Body |

0

35

| Rapid cooling arga
bl AT,-Temp. difference of Skin to fabric

33 4

32 4

3 4

Temperature(°C)

30 4

29 -

Fabric

] - Effective cooling area —— Skin
28 4 Body

27
' [ ' | ' | ' I ' | ' | ' |
0 1000 2000 3000 4000 5000 6000 7000
Time(s)
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Case study for Graphene Enhanced Textile (1)

— Long-Lasting Cooling Effect : Knitting fabric with graphene layer

Using graphene layer could extend time of the cool feeling to at least 2hrs

(a)Blank Fabric (b)Graphene Printing Fabric
—+ Fahric Fabric
—— 5kin —— Skin
37 —— Core 37 —— Caore
36
] A
35 -
1 o T o
G 34 . . 308 C G 34 4 3-0 C
< ..| Time of cool feeling ]
@ 33 - Q@ 334
s ] £ R
. e n -
-IE 32 - - E 32 -
| 1 [ i
2 31 L 31
g 30 E 0 . .
- : I Time of cool feeling
29 - 29 - b
26 28 __j
27 L I L L IS A AL 21 — 1 1 " T "~ T T " T " T
0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000
Time(s) Time(s)
. AT,(°C) AT,(°C) . AT,(°C) AT,(°C)
Tmt\:nt‘o :::tc:]r::;ble (Skin/Body temp. (Skin/Fabric temp. Tm::nt‘o :::tcl?rzzsa)ble (Skin/Body temp. (Skin/Fabric temp.
P difference) difference) P difference) difference)
600 +0.1 3.8 1800 -0.2 3.0
= if o INT ° °
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Case study for Graphene Enhanced Textile (2)

— Rapid Warming up effect : Knitting Fabric with Graphene layer

Using Graphene layer could reduce the time of warming up to around 3 times

(a)Blank Fabric (b)Graphene Printing Fabric
—=— Fabhric| —+— Fabric
—— SKin —s— 5kin
37 —— Care 17 —— Core
36—- 35_-
5] ¥ . B | .
{ | Time of Warming up —_ Time of Warming up
—_— M -~ THELE
T > 3.9°C N 4.2°C
i 334 E 33 4
7]
|- 1 3 4
% 32__ _ i : © 32__ . _
o 31- - 8 31 T
o - i
E 30+ E 30+
L 29 20 |
28—_ 23__
27 !_- T T ' T ' 1 "~ T _‘* T ' 27 !_- 1 1 1 ' T T T T T
0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000
Time(s) Time(s)
. AT,(°C) AT,(°C) . AT,(°C) AT,(°C)
Tm::r;c]o ;e:tch es::)ble (Skin/Body temp. (Skin/Fabric temp. T'T:r:‘o ;eaatch :Ec:)ble (Skin/Body temp. (Skin/Fabric temp.
peratur difference) difference) peratur difference) difference)
250 10 3.9 75 +0.2 4.2
=3 [ Y NE . .
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Test Results for EverTex's Sample Fabric

— Extended Cooling Effect : graphene printing layer on fabric

EverTex-51_2018 Yellow-G

38
— A
I:lu 7
o 33H
- appapa—
| I el —— LT
,E 32
o 3t
o
£ 300
= 20/
28 1
2711 Fabric
1 —— Skin
26 1
_ 743s —— Body
BT T 77 T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Time(s)

[=] o Qmax ﬁ%%&pﬂRf Az 4o iﬁﬂ%ﬂ'i
Liﬂnﬁiﬁp (Cal.) (ocxmzlw) gﬂ';{&lﬂ#rﬁ(s) (W/mZ)
S2-Gray 0.164 0.0249 743 42.50
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Test Results for EverTex's Sample Fabric

— Extended Cooling Effect : graphene printing layer on fabric

EverTex-52_2018 Gray-G
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n'\ll-ll'
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||_
a7 ] Fabric
1 —— Skin
- 807s Body
Bfr——T——T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Time(s)
=R =1 Qmax ﬁ%;ﬁa‘l‘ﬂRf A7 A iﬁﬁ;ﬂ'%
B i W) BT (s) )
S2-Gray 0.194 0.0249 807 42.92
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Test Results for EverTex’'s Sample Fabric

38 EverTex-S3_2019 Gray-B 38 EverTex-S4_2019 Gray-G
6% € E T ke
p.‘ 34 4 . 34
o 33 =E 33 4
|
S 39 g
2 . . 5 =
[ 31 J T [1:]
[T = 314
o o
E 304 2 3p.
© 2 5
2 29
28 | 28 ]
27 | Fabric 27 Fabric
— Skin ] —~— skin
26
. 9055 Body 26 1 0995 Body
' | ' | ! | ! | ' T T I T I T I T 25 r T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Time(s) Time(s)

o ims Qmax EERR AFEREG) FEHREECC REEE  AYHERF EESHME HEE Eieman
AR (Cal.) |BINER(%) (FER-\BY) (GRS 8RS  (Cxm?/W)  1BINER(%) (W/m?) 1@HNR (%)

$3-2019G-B 0.209 - 905 0.00 - 0.0242 - 50.30 -
$4-2019G-G 0.209 0% 1099 0.00 21.44% 0.0232 4% 52.25 4%
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Test Results for EverTex’'s Sample Fabric

EverTex-55_2019 Purple-B

EverTex-56_201% Purple-G
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E 3 4 E_ 314
E— 30 4 E 304
ﬁ 29 - = 29
28 | 28 Eabe
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J e In
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25 : : : : : : : : 25l . : : : : : : :
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Time(s) Time(s)
1o Qmax EERE  BRTEISEG) FEREECC) REEGHE  SPHHMERF EESHM BE=E BERCHEEIE
A< HRTR b (Cal.) |BiE%) @R @E=R-81) BR%) (CCxm*/WwW) EINE%) (W/m?) BN (%)
S5-2019P-B 0.179 612 0.00 - 0.0243 48.00 -
S6-2019P-G 0.179 0% 1626 0.00 },?56:18;/; 0.0225 8% 51.75 8%
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1 51E5 88/ Thanks for your listening
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E-mail : Tywu.002@ucbacon.com.tw

UC Bacon Company Ltd. Tel : 03-420-6869

A4k : www.ucbacon.com.tw
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