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Choosing The Most Suitable Binder and Determining Its

Ratio in Preparing Lithium-Ion Cell Anodes
Tareq Shlash Al-Abdullah, Dr. Ahmed Abo Hjer, Dr. Mohammed Wael Al-Khaled

Department of Chemistry, Faculty of Science, Idlib University

Abstract

In this research, the effect of the nature of four different polymeric binders:
polyvinyl difluoride (PVDF), sodium carboxymethyl cellulose (CMC-
Na), polyvinyl alcohol (PVA), and styrene butadiene rubber (SBR) on the
electrochemical properties of graphite anodes used in lithium-ion cells, was
studied and determined the best ratio of the binder that achieves stability
and mechanical resistance of the electrode components and good adhesion
of the active materials with the current collectors, in addition to studying
the effect of the electrolyte solution on these materials. The study showed
that the rheological properties of the pastes used in preparing the electrode
is almost similar at the same ratios of binders, but are better in the case of
polyvinyl alcohol. Electrochemical tests showed that the nature of PVDF
contributes to reducing the life cycle of graphite electrodes, unlike the
active water-based binders, where the capacity decreased by 28%. The
study showed that for all the used binding materials, the percentage of the
binding material ranging from 6.5 to 8.5 achieved good adhesion of the
active materials to the current collectors. This study demonstrates the
possibility of manufacturing a graphite-based electrode for lithium-ion
batteries that lasts longer and uses water in the processing, instead of
hazardous organic solvents such as N-methyl pyrrolidone, thus improving
performance, reducing cost and protecting the environment.

key words

Binding materials, lithium-ion cells, poly (vinyl difluoride), styrene
butadiene rubber, sodium carboxymethyl cellulose, graphite anode.
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Cycle Chg. DChg. Chg. Spec. | DChg. Spec. | Chg.-DChg. Chg. DChg.
Oneset Date End Date
Index Cap.(Ah) | Cap.(Ah) |[Cap.(mAh/g) [Cap.(mAh/g)| Eff(%) |Energy(Wh) | Energy(Wh)
1 |2024-09-06 11:26:10| 2024-09-08 11:30:27 | 2.1774 0.0914 2177419.72 | 91360.16 4.20 6.5552 0.3041
2 |2024-09-08 11:30:27| 2024-09-08 18:02:12 | 0.1293 0.0947 129332.99 94708.45 73.23 0.5140 0.3196
3 |2024-09-08 18:02:12| 2024-09-09 01:06:25 | 0.1283 0.0928 128333.50 | 92822.32 72.33 0.5088 0.3144
4 |2024-09-09 01:06:25| 2024-09-09 06:11:43 |  0.1165 0.0898 116487.04 | 89812.46 71.10 0.4608 0.3044
5 |2024-09-09 06:11:43 | 2024-09-09 11:42:17 | 0.1072 0.0977 10720049 | 97740.72 91,18 0.4238 0.3295
6  [2024-09-09 11:42:17| 2024-09-09 16:29:25 | 0.1085 0.0907 108532.37 90714.32 83.58 0.4293 0.3086
7 |2024-09-09 16:29:26 | 2024-09-09 20:43:59 | 0.1008 0.0881 100782.73 88118.73 87.43 0.3974 0.2984
8  |2024-09-09 20:43:59 2024-09-10 00:49:15 | 0.0965 0.0885 96482.77 88514.83 91.74 0.3805 0.3017
9 |2024-09-10 00:49:15| 2024-09-10 06:21:30 | 0.1194 0.0906 119381.54 90586.45 75.88 0.4721 0.3090
10  [{2024-09-10 06:21:30| 2024-09-10 12:34:18 | 0.1204 0.0854 120373.50 85356.52 70.91 0.4765 0.2905
11 |2024-09-10 12:34:18{ 2024-09-10 19:26:28 | 0.1353 0.0841 135269.18 | 84107.46 62.18 0.5356 0.2880
12 {2024-09-10 19:26:28| 2024-09-11 00:43:21 | 0.1145 0.0842 1144717.10 84192.45 73.55 0.4531 0.2871
13 |2024-09-1100:43:21{ 2024-09-11 05:28:26 | 0.1055 0.0804 105504.81 | 80378.63 76.18 0.4168 0.2736
14  [2024-09-11 05:28:26| 2024-09-11 09:55:22 |  0.0990 0.0778 99048.72 77766.30 78.51 0.3915 0.2644
15 |2024-09-1109:55:22( 2024-09-11 13:44:52 | 0.0864 0.0766 86425.62 76608.45 88.64 0.3418 0.2605
16 |2024-09-1113:44:52( 2024-09-11 17:36:15 | 0.0874 0.0777 87447.67 77740.79 88.90 0.3455 0.2648
17 |2024-09-1117:36:15{ 2024-09-11 21:30:36 | 0.0888 0.0768 88823.30 76831.56 86.50 0.3508 0.2618
18 [2024-09-11 21:30:36| 2024-09-12 01:09:51 | 0.0853 0.0742 85349.74 74243.30 86.99 0.3370 0.2526
19 |2024-09-12 01:09:51( 2024-09-12 04:40:45 | 0.0810 0.0724 81017.14 72357.89 89.31 0.3201 0.2459
20  [2024-09-12 04:40:45| 2024-09-12 08:02:01 | 0.0774 0.0699 77447.95 69876.06 90.22 0.3061 0.2371

81.2% 5Ll lavsging ol el e 104 dad) Jacigia o) Jaadls
toe JS e el 3 Al clisie 0S5 e Joaall 8 agasall adll clfin LS

VoIt 5aalss () Cpllls siniall) L2 sga
;MAh 3as)ss (Galad) 3)3¥) Cslll midll) el s
AR sl (W 3)5Y) OslL Fniall) Llal) dew

1
2
.3
Wh saalss (s Gl giaiall) 202l 28l .4

211



Al A oA }ii .2 ‘Jn\ J.yd\ uﬁi&

Y1:Voltage(V)

3:Capacity(Ah)
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Cycle Oneset Date End Date Chg. DChg. Chg. Spec. | DChg. Spec. | Chg.-DChg. Chg. DChg.
Index Cap.(Ah) | Cap.(Ah) |Cap.(mAh/g) | Cap.(mAh/g) Eff(%) Energy(Wh) | Energy(Wh)
1 2024-09-06 08:54:25| 2024-09-06 11:30:27 | 0.0219 0.1441 21886.82 144116.65 658.46 0.0875 0.4963
2 2024-09-06 11:30:27 | 2024-09-06 16:07:23 0.1351 0.1431 135059.16 143102.20 105.96 0.5268 0.4945
3 2024-09-06 16:07:23| 2024-09-14 09:31:42 |  0.1405 0.1437 140540.58 143731.71 102.27 0.5475 0.4977
4 2024-09-14 09:31:42| 2024-09-14 14:09:11 | 0.1396 0.1352 139625.33 135153.78 96.80 0.5444 0.4657
5 2024-09-14 14:09:11| 2024-09-14 18:38:09 | 0.1342 0.1314 134222.92 131352.98 97.86 0.5237 0.4517
6 2024-09-14 18:38:09| 2024-09-14 23:05:18 | 0.1316 0.1301 131623.40 130132.67 98.87 0.5141 0.4472
7 2024-09-14 23:05:18| 2024-09-15 03:38:27 | 0.1332 0.1344 133243.26 134439.69 100.90 0.5204 0.4634
8 2024-09-15 03:38:27| 2024-09-15 08:12:30 | 0.1369 0.1348 136850.40 134795.93 98.50 0.5336 0.4651
9 2024-09-15 08:12:30| 2024-09-15 12:40:27 | 0.1346 0.1315 134627.04 131495.60 97.67 0.5248 0.4529
10 2024-09-15 12:40:28| 2024-09-15 17:02:27 | 0.1311 0.1281 131127.73 128050.63 97.65 0.5116 0.4403
11 2024-09-15 17:02:27| 2024-09-15 21:18:57 | 0.1279 0.1250 127895.73 124983.79 97.72 0.4994 0.4291
12 2024-09-15 21:18:57| 2024-09-16 01:53:18 | 0.1265 0.1274 126506.77 127424.00 100.73 0.4944 0.4387
13 2024-09-16 01:53:18| 2024-09-16 06:15:24 |  0.1295 0.1277 129474.94 127673.65 98.61 0.5057 0.4395
14 2024-09-16 06:15:24| 2024-09-16 10:32:12 | 0.1286 0.1256 128598.87 125581.81 97.65 0.5018 0.4318
15 2024-09-16 10:32:12| 2024-09-16 14:43:39 | 0.1255 0.1225 125501.23 122528.34 97.63 0.4900 0.4206
16 2024-09-16 14:43:39| 2024-09-16 18:49:34 | 0.1224 0.1194 122401.35 119396.91 97.55 0.4783 0.4092
17 2024-09-16 18:49:34| 2024-09-16 22:52:06 | 0.1195 0.1174 119476.30 117448.92 98.30 0.4673 0.4019
18 2024-09-16 22:52:07 | 2024-09-17 02:58:03 0.1199 0.1201 119945.83 120061.20 100.10 0.4693 0.4118
19 2024-09-17 02:58:03 | 2024-09-17 07:06:42 | 0.1227 0.1217 122729.84 121699.78 99.16 0.4796 0.4183
20 2024-09-17 07:06:42| 2024-09-17 13:40:11 | 0.2414 0.2391 241415.78 119425.71 99.05 0.9431 0.4099
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Yi:voltage(V) ¥2:Current(ma)
Y3:Capacity(Ah) Y4:Energy(Wh)
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e iy lgd Ay Bale PVA ) Jarid 3 LA 5elislly dud) i :(5)d g2l

ity oad B2 20

Cycle Chg. DChg. Chg. Spec. | DChg. Spec. | Chg.-DChg. Chg. DChg.
Oneset Date End Date
Index Cap.(Ah) | Cap.(Ah) |Cap.(mAh/g) | Cap.(mAh/g) Eff(%) Energy(Wh) | Energy(Wh)
1 2024-09-06 11:26:27 | 2024-09-07 22:53:07 | 0.9894 0.0874 989427.29 87419.09 8.84 3.8072 0.2948
2 2024-09-07 22:53:07 | 2024-09-08 05:12:21 | 0.1205 0.0662 120523.11 66222.76 54.95 0.4818 0.2218
3 2024-09-08 05:12:21| 2024-09-08 09:32:15 | 0.0817 0.0540 81696.17 53961.12 66.05 0.3267 0.1805
4 2024-09-08 09:32:15| 2024-09-08 13:39:05 | 0.0683 0.0521 68301.60 52095.69 76.27 0.2732 0.1736
5 2024-09-08 13:39:05| 2024-09-08 17:58:33 | 0.0710 0.0556 71014.66 55622.25 78.33 0.2840 0.1848
6 2024-09-08 17:58:33| 2024-09-08 23:07:44 | 0.0710 0.0526 71021.68 52583.95 74.04 0.2839 0.1743
7 2024-09-08 23:07:44| 2024-09-09 03:00:54 | 0.0672 0.0492 67159.18 49160.92 73.20 0.2685 0.1625
8 2024-09-09 03:00:54 | 2024-09-09 06:36:09 | 0.0615 0.0456 61490.10 45586.76 74.14 0.2459 0.1504
9 2024-09-09 06:36:09 | 2024-09-09 09:53:35 | 0.0554 0.0421 55359.75 42090.49 76.03 0.2214 0.1385
10 2024-09-09 09:53:35| 2024-09-09 13:35:52 | 0.0530 0.0400 53041.93 40015.89 75.44 0.2121 0.1313
11 2024-09-09 13:35:52| 2024-09-09 16:55:00 | 0.0521 0.0448 52107.86 44802.70 85.98 0.2084 0.1475
12 2024-09-09 16:55:00| 2024-09-09 20:07:55 | 0.0545 0.0373 54490.20 37314.90 68.48 0.2179 0.1223
13 2024-09-09 20:07:55| 2024-09-09 22:49:26 | 0.0433 0.0426 43304.17 42621.64 98.42 0.1732 0.1403
14 2024-09-09 22:49:27| 2024-09-10 01:40:02 0.0477 0.0410 47745.70 40952.11 85.77 0.1909 0.1348
15 2024-09-10 01:40:02 | 2024-09-10 04:58:34 | 0.0514 0.0404 51431.82 40351.78 78.46 0.2057 0.1326
16 2024-09-10 04:58:34| 2024-09-10 07:55:25 | 0.0487 0.0374 48683.70 37413.08 76.85 0.1947 0.1228
17 2024-09-10 07:55:25| 2024-09-10 10:58:57 |  0.0485 0.0367 48500.08 36668.57 75.61 0.1940 0.1202
18 2024-09-10 10:58:57 | 2024-09-10 14:04:48 | 0.0482 0.0389 48196.67 38945.37 80.81 0.1928 0.1279
19 2024-09-10 14:04:48| 2024-09-10 19:49:34 | 0.0834 0.0346 83391.00 34558.72 41.44 0.3335 0.1129
20 2024-09-10 19:49:34| 2024-09-10 23:24:39 0.0596 0.0375 59646.00 37498.12 62.87 0.2386 0.1228
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Y2:Current(mA)
Y4:Energy(Wh)
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